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SYNOPSIS 
When pressures act on decision making systems, they gener~ react 
by realigning, restructuring or reorganizing within their systems to 
withstand and overcome these pressures. These pressures stem from 
changes in the environment of the decision making systems. Companies 
and industrial systems operate in a dynamic environment which means that 
they are almost alw~s under pressure. The realignment or readjustment 
within the systems against pressure situations are made by executive.s in 
the company system. They try to monitor these environmental tendencie.s 
or anticipate changes and make their systems adaptive to the pressure 
situations by making decisions on every facet of the business which is 
likely to be affected. Every one of these decisions they make are 
subject to uncertainty, some more so than others. Two decisions which 
have a greater degree of uncertainty are (a) financial decision and 
(b) the technological decision. 
These two decisions lead to the important criteria on which success 
in industry depends. They are commercial viability and tec)m.ological 
capability. Within the technological decision are included Research and 
Development and Marketing decisions and they are brought under one main 
decision mainly be.cause R and D and Marketing are two parts of an 
integrated whole. The aim is to develop products that have a market 
potential and R and D can develop products which the marke~ wants only if 
they are associated with marketing. The mix of R and D and Marketing in 
the technological decision varies with the industry concerned. It is 
only when a company does well that it can achieve financial stability and 
this again depends on the correctness of the technological decisions. 
The more important of the two decisions is therefore the technological 
decision. 
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For a decision maker in industr,y actions by Government and 
competitors are ~ responsible for bringing about th~ environmental 
changes. This calls the manager's attention to R and D policies of 
his main competitors. Since. some of them are foreign competitors, he 
has to look for information of R and D policies of those countries to 
give him a line on the R and D policies of his main competitors. 
A case study of International R and D comparisons shows that Britain 
is fairly well disposed of in this sphere in terms of its conunitments. 
Mere connnitments are no use unless they are properly directed and 
utilisation of R and D funds should reflect in industrial performance. 
In International terms the only yardstick is the export market for manu-
factured goods. This is where irmovation and effective marketing can 
succeed. The case study shows that Britain's export. markets have been 
shrinking in the last decade as a re.sult of competition from Japan and 
Germany who have increased their shares. In addition imports of manu-
factured goods by Britain have been increasing since th~ last decade. 
The,re. has obviously been a failure in irmovation and marketing. 
It is felt that a decade study - as is made for the exports - of 
environmental factors associated with the economy at the macro level will 
indicate trends which can be used as a base for developing ideas as to 
how decision making will be affected in the future decades. A 1950-60, 
1960-70 and 1970-$0 decade study of decision making base.d on changes in 
the environment will indicate organizational trends in the future in all 
industries. The environmental structure, is assumed to consist of the 
consumer goods sector, the industrial goods sector and the Government 
sector. Characteristics of each of these sectors and how they affect 
decision making are. discussed. It is found that consumer spending, 
gross fixed capital formation and public expenditure all ros~ gradually 
as personal income.s rose. The most significant growth has been in 
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gross fixed capital formation or armual investment in plant and 
machinery and dwellings. The growth in plant and machinery expenditure 
is a good thing for industrial goods industries and also to machine tool 
industries. The trends show vast potential for growth in the future. 
The 1950-60 decade was a period of reconstruction after the. war, supply 
of goods was just picking up and most goods on the market we;r-e sold so 
that market research was not particularly potent in companies. Competi-
tion from Japan and Germany was not biting in so nmch so that companies 
could afford to exist as smaller units ignoring economies of scale. The. 
war effort produced a spate of new ideas which was being developed for 
connnercial purposes. R and D was only just catching on but most of it 
went to the aircraft and electronics industries. 
The 1960-70 decade is one of consolidation. Hire purchase and 
easy credit boosted consumer spending on durables. Marketing has been 
gaining in strength and advertising was on the increase all the time. 
The T.V. Charmels really started prospering only when more T.V. sets 
were owned by people so that at the present moment revenue from T. V • 
advertising has gained immensely. External competition has forced 
Government to encourage mergers amongst companies so that bigger com-
panies are in vogue. The high cost of R and D and global marketing can 
only be sustained·by huge companies. 
national scale. 
Companies are big only on a 
The 1970-80 decade will be one of leap forward. Competition from 
America will force companies in Europe to merge across national barriers. 
Product variety in consumer products can only be met with nmch greater 
standardisation. Production systems with computer control will be in 
vogue to meet the product variety needed in the market place. 
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The British Machine Tool Industry with just about 3% of the output 
of all engineering industries does not appear to contribute in aQY 
significant w~ to the output of the manufacturing sector of the 
national econonw. Its importance stems from the fact that metal 
working industries, which make up a substantial part of British industry, 
use machine tools in critical sectors of their production. Thus the 
production of automobiles, refrigerators, washing machines and cigarettes 
depends on the use of machine tools directly or indirectly at some stage 
of their production. The productivity of aQY manufacturing unit depends 
on the efficiency and capability of its production system. Machine 
tools are important elements in this manufacturing set up. The machine 
tool industry by supplying these productive equipments has an important 
role to pl~ in the overall performance of the national econonw. In 
terms of innovation potential too the industry is very important. This 
arises from the fact that consumer goods industries are alw~s under 
pressure from consumers who want to be continually supplied with a 
stream of products and from co~e,titors whose selling policies have, an 
effect on the prices at which these products are sold. Reducing produc-
tion costs becomes a major objective and no efforts are spared to reduce 
unit costs so that margins are maintained for the products. This puts 
the squeeze on makers of production systems who have, to co~ly with 
systems which achieve this 'production costs reduction' objective. The 
machine tool industry being one of the industries who supply parts of 
these production systems meets with pressure' ~from users of machine tools 
as well as from other makers to produce these productivity boosting 
systems. Managers associated with these capital goods industries have, 
in addition, to ponder on how advances in technology and Governmental 
policies are going to affect their co~aQY systems. They are alw~s 
under pressure of one sort or another dUe to these changes in the 
environment. 
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At present nearly 72% of the total machine tool production is in 
the hands of eleven groups. 
organized into small units. 
The 1950-60 decade, machin~ tool industr,y 
This has changed since 1960 and the census 
of production figures show that most of the workers are now in the 
categor,y of more than 2,000 workers. The industr,yfs products are, many 
, 
with lots of modifications available. Britain is the, fourth biggest 
producer of machine tools and exports nearly a third of its production. 
It imports nearly as much as well. The industr,y is subje,cted to 
cyclical fluctuations in orders and this causes problenJ.s, particularly 
due, to the skilled workers, who form 48% of all employment in the 
industr,y, once they go out of the industr,y during poor times are ver,y 
difficult to be brought back to the industr,y. Ther~ has been a general 
prevalence of movement away from skilled worker categor,y to white collar 
jobs between 1951 and 1961 in all engineering industries. This puts a 
premium on the design of machines which increase productivity. 
The users of machine, tools are the most important environmental 
factor to decision making in the machine tool industr,y. As such their 
buying policies have a lot of bearing on the industr,y. Numerical control 
has been the most important development in the last decade and it has 
affected decision making on both sides of th~ industr,y. 
To study user-manufacturer interaction field rese,arch was conducted 
amongst executives in the industr,y who had a say in the making of policy 
decisions and amongst executives in the user side who dictated buying 
policies of machin~ tools. This was followed by a questionnaire to 
examine the technological capability - R and D and Marketing - of the, 
industr,y. 
There is a need for a product market strategy for the industr,y which 
can develop it to be strong and more, competitive vis a vis the, German and 
5 
American industries. This can o~ b~ achieved by strengthening the 
decision making base; such a situation is prevailing at the pre,sent 
moment due, to the formation of big units in the industry caused by a 
serie,s of mergers. If production is also organized to achieve economies 
of scale, th~ first necessity of a strong home bas~ will be achieved. 
Internal industrial consolidation will be achieved. Once, a strong 
financial-technological base is achieved, greater R and D commitme,nts 
can obtain. Another strategy that could help is product development 
with users of machine tools with design teams and engineers working 
together. Big production systems made to customer specifications with 
customer participation can reduce the risk on new product development. 
A sophisticated system designed on such principles can be use,d as a product 
entry into the U .5. and German markets. Corporate acquisitions of viable 
co~anies in these countries would also help. A foothold has to be 
established in these, markets from where other machine tools in the 
co~a.nyr s main product range can be disposed of. A small number of 
developments on these lines h.ave, occurred in the industry during the last 
two years. 
In conclusion it can be said that the, study has revealed an industry 
adapting itself to a changing environment particularly well. The, industry 
will do very well in the 1970-80 decade if 
1. It organizes to form big units, or co~anies in the industry join 
much bigger engineering groups} 
2. there is rationalisation of products - variety reduction for a start, 
more standardisation and modular machine tools; 
3. there is rationalisation in production, i. e. group technology and 
co~onent statistics} 
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4. the R and D expenditure to sale.s is increased; 
5. there is the development of the n. c. principle to design 
new applications; 
6. they market complete production systems; 
7. they diversif.y into metal forming much more as it is a 
faster growing industr,y; 
8. small companies become ver,y specialised with high design 
and brain-power; 
9. the companies in the industr,y branch into mechanical engineering 
fields (corporate acquisitions is one w~ of getting into them). 
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1.1. 
CHAPl'ER 1 
DECISION MAKING 
PRESSURE ON DECISION MAKING SYSTEMS 
Whenever any physical system comes under pressure, there are 
forces set up within the system which resist these pressures and try 
to maintain the stability of the system. This can be said of 
decision making systems as well, be it a company system, an educational 
system or a governmental system. These pressures stem from an 
aggregation of changes which occur in the environment associated with 
the system. Forces within the systems take the form of decisions 
which are aimed to restructure, reorganize or realign the systems so 
that they remain stable. 
A government system may introduce legislation when it comes under 
public pressure to redress some grievance. The legislation is 
generally intended to benefit the community in general. The govern-
ment may reflate its economic system when it comes under pressure from 
the Trade Unions to reduce unemployment. When a company system comes 
under pressure, it may have a rethink on its policies, which may take 
the form of administrative changes or planned reduction of overheads 
and resource wastage or it may embark on massive investment in automated 
plant to increase productivity and production. The pressure on the 
company system may be due to greater demand for its products or it may 
be due to increased competition for quality, or it may be the presence 
of a new chairman who wants to cut down lethargy and waste. In many 
instances, the pressure could be triggered off by one incident or event. 
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Companies operate within a dynamic environment. This means that 
they are under pressure from one source or another most of the time. 
Managers in these companies do not wait for pressure situations to 
develop. They prepare plans and strategies to resist potential 
pressure situations by studying trends and movements of the different 
variables in the economic, social and technological environment of the 
company. They make their company systems adaptive to a changing 
environment by introducing flexibility into their plans. 
It would not be out of place here to discuss a few instances of 
how different decision making systems produced varied responses to 
typical pressure situations. The. U.S. Government system came under 
terrific pressure when Russia sent up its first'Sputnik in 1957. This 
alerted the decision making system and a new greater effort was 
launched by the U.S. to speed up its space efforts. The result was 
cutting down of the time taken by the U .S. to send out its own space-
ship. Though the U.S. space research work was proceeding on the 
right lines, the. Russian achievement triggered to bring pressure on 
the U.S. system which responded with a space vehicle of its own 
earlier than scheduled. 
The U.S. Armed Services came under pressure when Mr. Robert 
Macnamara was appointed Secretary of Defence by President Kenneqy. 
Since the Pentagon spent so much of the tax payers' money, Mr. 
Macnamara wanted to know if the money was being spent on the. right 
requirements. He wanted a thorough review of the methods by which 
problems were sorted out and questioned the basic approach to tackling 
defence problems. The U.S. Armed Services had started thinking in 
terms of 'Missions' or a unified approach to solving particular prob-
lems where each arm of the Services analysed how it could deploy its 
resources to achieve 'mission' objectives. Before the 'missions' 
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approach was developed, the Army, the Air Force and the Navy, each of 
them huge organizations in their own right, operated independently. 
This caused a lot of duplication in R and D and in equipment buying. 
This Mr. Macnamara and his assistants sorted out by developing the 
Planning-Programming-Budgeting System (1), which is just a basis for 
translating strategic requirements to budgetary requests. This 
approach involves an annual budget that is encompassed within a five 
year plan which is reviewed annually. '!here are specific time 
periods allocated to meet the Defence Secretaryts queries with regard 
to budgetary requests by each branch of the Services. Each branchts 
plans for the next 5 years is spelt out in great detail within an 
overall defence strategy which meets national objectives of providing 
the best defence for the security of the United States. 
This administrative change has really made the men within the 
Pentagon system work all out to meet time and cost schedules. Other 
by-products of Mr. Macnamarats management at the Pentagon has been 
the Systems Analysis and Cost Effectiveness approach to solve problems 
(2,3,4). '!he systems analysis approach compares alternative pro-
posals for mission achievement and provides a quantitative base so 
that the right decisions are made. In systems analysis every facet 
of the problem is taken into consideration. Cost effectiveness is 
basically an approach which provides a base to test whether p~ off in 
terms of mission effectiveness justifies the cost involved. Here the 
question of the right criterion is particularly significant and the 
possible costs and effects have to be weighted to give a qualitative 
bias to the choices involved in the decisions. '!hus the U.S. Defence 
decision making system has reacted to a pressure situation by making 
administrative changes and by flUldamental rethinking on the methods it 
used to adopt to solve problems. 
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Yet another instance of how pressure on the decision making system 
has made managers sit up is the present change in Russian management's 
attitudes to profit motives (5). Although Russian executives are 
guarded in their attitudes, they have alreaqy started decentralising 
companies in certain sectors to produce end products geared to consumer 
demands. The pressures on the system have been created by an average 
Russian earning more money; some of them being allowed to travel 
abro~ have seen foreign goods and exhibition of foreign goods in 
Russia. In other words, people want some sort of restyling in the 
end products to suit their varied tastes. This, coupled with loud 
thinking by some economists like Lieberman (6) on profit motives, has 
made Russian managers think not just how to meet national plan targets 
but how to meet it with producing quality in the end products. For 
men at the top this has meant allowing managers of companies to make 
their own decisions as to how to meet targets with products that win 
customer approval. 
The change also brings bonus to workers if their products sell 
well. This means that the design of the products is with the market 
in view. 
Other examples of such pressure situations can be quoted. How-
ever, what reaDy happens in a majority of instances is that the 
pressure on the decision making system brings out latent capabilities 
which have remained under the surface. In cases where these capa-
bilities are absent, other solutions are worked out. However, gradu-
aDy companies and industries are discovering that resources are getting 
costlier and that good management is now a question of deploying these 
resources as effective~ as possible. Managers in industr,y, therefore, 
tr,y to sort out their problems by reorganizing their systems so that 
the element of uncertainty prevalent in decisions is reduced. This 
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brings out the question of what exactly is decision maldng and how do 
decision situations arise. 
1.2. DECISION MAKING 
Basic~, decision making is responding to a problematic situation 
by creating a basis for action and taking into conside.ration the social 
implications involved in the situation. It is an effort which depends 
on the work of a number of people and occurs amongst different indivi-
duals in positions of responsibility within an organization. The man 
at the top of a cOIrq:lany may have to decide on the path the COIrq:lany is 
going to take in the future; he may have to act on a reconnnendation 
for the COIrq:lany to branch into a new technology; he may have to decide 
when he should introduce his new products into the market so that his 
COIrq:lany gains the maximum advantage, etc. He may also be. called upon 
to make organizational changes within the COIrq:lany hierarchy. The 
decisions that he faces are not the ones that occur very frequently. A 
sales manager is called upon to make decisions of a lower order. He 
is called upon to give figures of how much he can sell, based on his 
forecasts to the production department. His functions are to gauge 
the feeling of the market for his products and decide on how much he 
and his assistants are capable of selling. He may be called upon to 
replace unsuccessful salesmen or promote a junior salesman on merit. 
The range that his decision covers is smaller compared to the Chief 
Executive of his cOIrq:lany. Similarly, a foreman at the shop floor 
level may only have to decide as to how to allocate machines to jobs to 
smooth production. Thus, decision makers exist at various levels, but, 
the effects of their decisions on the cOIrq:lany system depend on the 
position they hold in the cOIrq:lany hierarchy. 
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All these people who make decisions have to weigh up their prob-
lematic situations with alternatives. Again, depending on the position 
of the decision maker in the company hierarchy the number of possible 
alternatives varies. This is so because, in any decision making situ-
ation interactions amongst the different variables involved in the 
situation alter as the probabilistic estimates of the variables change. 
Decisions of a higher order involve more estimates to be. made. A fore-
man's problem in allocation of machines to jobs may be whether to 
allocate the job to Machine A or Machine. B in a particular situation. 
He may have to make his decision depending on the availability of 
machines A or B and the number of pieces required; or he may just allo-
cate the job to the machine which becomes free first. In the sales 
manager's case, the problem takes us to a higher plane. In a particular 
case which involves selling he may be called upon to de.cide whether he 
should send a salesman out on the first inquiry or whether he should send 
details of the product first and on the company showing interest in the 
product send his man out. Here the sales manager has to look for 
information regarding the success of his past actions, the number of 
inquiries that fetches him one firm order, the price of the product, and 
other factors before making up his decision. He has to weigh up the 
possibility of his losing the sale to his competitor who despatches a 
man innnediately on inquiry. He has therefore to study the interactions 
of a number of different possibilities that might arise. The managing 
director of an enterprise, when faced with a decision, has to consider 
even a greater number of interactions amongst a greater number of 
decision variables. If it is a question of going into a field of new 
technology for example, he has to consider the profitability of his 
company in its product lines over the last few years, the forecast for 
existing product lines in future years, the initial expenses of going 
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into a new field, development and design capability of his team, their 
lmow-how in the new technology and ability to design products in the 
new fields, the necessity for new key personnel, results of the market 
research on the new product range, the investment capacity required, 
etc. Of course, the final decision is a yes or no, but he will have 
obtained all relevant information on possible outcomes of his decision 
and then make a positive or negative reconnnendation. By discussing 
the problem with specialists in his organization, he usu~ has a fair 
idea of what his decision would be. But irmumerable outcomes can 
result and different chances of success exist based on the probability 
of success of each course. The more experienced an executive is, the 
better his estimates would be of the unquantifiable elements involved 
in the decision. Quite a lot of the work, therefore, rEvolves around 
the collection of information and isoiating the quantifiable elements. 
He can then bring all his experience to play on the qualitative aspects 
of the decision. 
The results of the managing director's major decisions ~ be seen 
only some years later. The success of a sales manager may be reflected 
earlier than that of· a managing director. The time spare of their 
decisions ar.e different. Both of them commit the resources of the 
compaQY by making decisions but they commit it for different periods. 
Jaques and Coworkers'(7,8) time span of discretion is one method of 
rewarding executives based on the discretion they have to show in their 
positions of responsibility when they make decisions. Every decision 
has a prescribed as well as a discretionar,y content. In the case of a 
machine operator, the prescribed content exceeds the discretionar,y con-
tent by a very wide margin. In the case of a senior executive, the 
discretionar,y content of his decisions would be very nmch greater and 
hence he has greater responsibility and a greater reward for his efforts. 
To evolve a system for aQY compaQY, Jaques (9) has developed 'Standard 
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Tables' for determining 't:ilne span of discretion', for men at different 
decision making levels. 
A simple rule to establish decision t:ilne span is to see for how 
long a manager is cormnitting his company's resources and consider this 
period as his decision span. As an example, consider the position of 
the chief production engineer in a company. He is given the authority 
to buy new machine, tools; but there is a lDnit to the amount he can 
authorise spending on his own. He has to get the approval of the Board 
or his supervisors to approve this decision, depending on the size of 
the company. For any amount spent on investment plant and machinery a 
p~back period can b~ established. This p~back period, for the 
maximum money he is allowed to spend on his own, can be considered as 
his decision time span. Similar time periods can be established for 
different job assignments based on job functions. It is possible to 
establish a standard for any company by determining t:ilne spans for all 
the positions where such periods can be established and then relate it 
to jobs for which it is difficult to establish such time spans but 
which have rules regarding qualifications, experience and merit similar 
to the other jobs for which decision t:ilne spans have been established. 
Decisions within industry can be classified into two types: 
(1) strategic 
(2) Non strategic. 
strategic decisions are the, non programmable, policy or one off 
decisions which affect total company performance. Non strategic 
decisions are the operating, routine, administrative or programmable, 
decisions. In strategic decisions the discretionary content is higher 
while in non strategic ones the prescribed content is higher. Pre-
scribed content would mean operating under specific pre-progrannned 
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decision rules; for example, ordering of raw materials by a stock 
controller when it reached a particular inventor,y load. Administrative 
decisions refer to staffing and personnel problems while operating 
decisions refer to day-to-day operating decisions within the company. 
Company strategy is a pattern of objectives which are of primary 
importance to the long term survival of the company. Fig.l.l indicates 
the breadth of a strategic decision compared to a routine or operating 
decision. 
Ever,y decision making situation, be it strategic or non strategic, 
involves: 
(1) a goal or objective; 
(2) search for alternative ways of achieving the 
objective and an estimate of the resources 
required in each case; 
(3) selection of the best alternative course 
of action; 
(4) implementation of the chosen course of action 
by allocating company resources; 
(5) control of the course adopted so that it does 
not deviate from the prescribed path. 
Ever,y decision involves some element of uncertainty. Managers 
try to overcome this element of uncertainty by gathering more and more 
information pertaining to the problem concerned. In the case of non 
strategic decisions, the majority of this information is easily aVail-
able. The men who are involved in making these decisions, therefore, 
have the decision rules and information regarding any conceivable situa-
tion that can arise within the functioning of their duty clearly laid 
out for them by a higher level of management. The decisions made are 
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easy to operate and this trend is continuing with added impetus 
gained by the presence of computers amongst us. Managersf aim these 
d~s is to make these decisions foolproof, so that they can devote 
more of their time in trying to work out a better base for strategic 
decisions. For all types of decisions searching for information in 
the business environment is vital (10). 
The right kind of information for the right executive in each 
area of business in a company is a basic need. This is becoming 
especi~ so as technology is progressing at a breath-taking pace 
and product life cycles get shorter. Executives have to monitor new 
technology and see whether any of their companyfs products could improve 
with ftechnology transferf. So industry looks for information in an 
external as well as an internal environment. Information is obtained 
from personal experience, journals, reports or conferences in an 
external environment while in the internal environment it can come from 
reports, memoranda, employees, etc. As the standard of living of an 
individual in society goes up, his need for new products goes up too, 
and at a later stage in this development he demands variety in products 
so that he can choose the ones he likes best and the ones which suit 
his tastes. It is managementfs function to meet this product variety 
by proper planning of the companyfs resources. 
In case a company is first with a new product, it has to create a 
demand for it by comnnmicating about it to the public. All these things 
are based on decisions made at various times in the company by fore-
casting techniques and by·proper assessment of changes in attitudes and 
tastes of the mass populace. In advanced countries there is a gre~ter 
need for acceleration in product variety, especi~ as the rate of 
progress of an average person in these countries is going up at a fastish 
pace. This is where planning becomes one of the most important elements 
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in the strategic decision maker's weapon. This is also where govern-
ment could step up its participation in the industrial decision making 
situation. The government's policies in terms of taxation and 
creation of the right investment climate have a lot of bearing in all 
industries. Capital goods industries are particular~ affected in 
times of economic uncertainty as other industries slow down their 
investment in new machiner,y. They can overcome such a situation if 
they are lucky to have good and well established export markets. If a 
large company decides to slow down its investment to adapt itself to 
the uncertain economic situation, it has a greater impact on the smaller 
capital goods industries. The government could set up information 
networks to help industries plan their future better. 
1.3. GOVERNMENT'S ROLE IN INDUSTRIAL DECISION MAKING 
A countr,y like Britain which lacks natural resources exists as a 
trading nation. To make the balance of trade favourable, government 
needs industr,y to do well and produce end products that have an edge on 
competitors in terms of sophistication. This can o~ be achieved by 
industry spending enough money on R and D and government creating an 
environment which encourages this. Also, industr,y has to have the 
ability to market the products abroad and this for many companies 
becomes rather expensive. Again, the government with its greater 
resources should help industries reduce uncertainty by isolating the 
regions in the world where companies or trade associations could send 
their representatives for a start. At the present moment this function 
is being met by the National Economic Development Council (N E D C), a 
unique organization with members of both sides of industry and govern-
ment having their representatives in it. It was set up in 1962 to 
examine the performance of the national econornw, to consider uses of 
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national resources and to seek agreement on wa;[s to achieve growth. 
The N E D C was reorganized in 1964 and its responsibility included 
drafting of the National Plan. It has alreaqy established its 
credentials by publishing a number of reports on factors which affect 
economic growth, including the results of inquiries into growth pros-
pects (1l,12). The most significant development in N E DC's func-
tioning has been the evolution of specialist committees - the Economic 
Development Committees (E D C) for the different industries (13). 
These have representatives of different companies of an industry in the 
committee and they have a clear idea as to how their particular 
industry should progress and what the gover:run.ent can do to help. Cross-
fertilisation of ideas at this level by executives of different companies 
produces ideas on the best strategy the industry should adopt for 
success. The recent report from the E D C for the Machine Tool Industry 
is a case in point (14). It has provided factual information on would 
be trends in the machine tool field and suggested growth rates based on 
expected world patterns of development. Around such reports companies 
in the Machine Tool Industry could plan their future. This sort of 
development would help all industries arrive at better strategic 
decisions gener~. Maiketing information based on world trends would 
help industries isolate the regions in the world where they should con-
centrate their efforts on market penetration. 
It is superior quality in the end product that makes market penetra-
tion into competitive markets easier to achieve. Quality in the end 
product is directly proportional to the research and development effort 
sustained in product development and in production techniques. Govern-
ment spends a lot of money on R. and D. and so does private industry. 
Private industry research efforts are company orientated which is just 
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as well because the aim here is to bring out new products and build 
quality into existing products. The government should aim to control 
its own R. and D. expenditure and see that money is spent on the right 
projects. The Ministry of Technology is responsible for the nation's 
R. and D. effort and its organ, the National Research & Development 
Corporation eN R D C), finances projects which have a reasonable chance 
of success. The Ministry's aim should be to cut out duplication and 
research which is not objective oriented. The majority of basic 
research should be left to universities and national laboratories. 
There is a need for a government sponsored research information centre 
which collects information about all research work done in the U.K. and 
abroad and suggests areas of technology transfer to industries. An 
information dissemination centre for research is needed and should be 
manned by people who have been in the forefront of applying new tech-
nologies in industry. This would act as an 'ideas centre' for industry 
so that industry's R. and D. effort would also be disciplined to 
objective oriented research. The N R D C could add this as an impor-
tant section in its system. Innovation in industry is bound to improve 
under this sort of arrangement. Under the government's prompting both 
R. and D. i~keting of companies could be oriented in the right direction. 
It is a basis for creating the right environment for business to do well 
in the export sector. 
The availability of computers speeds up information gathering and 
transmission of this to interested companies or organizations. A scheme 
for a Central Information Centre is described below. It should start 
with broadening the base of the Central Statistical Office. A link up 
with N E D C and the Ministry of Technology should be introduced so that 
statistical information will be available to companies who are interested. 
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B,y using a computer network transmission is speeded up. A link up 
with the Board of Trade will give export and import statistics and 
. details of equipment and machinery. The Ministry of Labour, with its 
link up, will provide details about manpower. At present all this 
information is available but with a computer controlled system all 
information will be available in record time. A computerised system 
(with high storage capacities) will store all data and information, and 
these could be transmitted on an on-line basis if there is demand for 
it. This makes use of the tremendous potential of computers. Design 
of such a system would be a boost to the computer industry and may lead 
to installation of such systems in other advanced countries. The 
Central Information Centre could bring the educational side into it as 
well. This can be done by linking up with national libraries, so that 
easy access to reference articles is possible. It is possible also to 
link up a number of computers to a central computer to set up such a 
system if a central system based in one place is not feasible, due to 
some reason or other. A Central Information Centre would benefit 
industry, universities, government and research establishments (Fig.l.2). 
At a later stage it is possible to introduce strategic decision 
rules based on work done by private or public institutions on various 
industries and build up computer models of different industries and of 
the national econorrw. These models will not orUy incorporate economic 
relationships, but will also take behavioural implications into account. 
Government, industries or companies could check up the results of 
alternative decisions and plan their future strategy making use of these 
models. Thus uncertainty involved in decision making would be con-
siderably reduced. 
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SUMMARY 
This chapter has discussed how pressure on decision making systems 
makesthem react by some sort of reorganization within the system. 
Decision making as such was discussed and the discretionary content in 
higher order decisions was stressed. The importance of information 
to decision making was brought out and methods by which government 
could help British industr.y were discussed. The government's role in 
helping industr.y to make research objective oriented was also brought 
out and the role of its agencies to help with the evolution of the 
right marketing strategies for industries and for companies was 
stressed as being ver.y significant. Finally, a case was brought out 
for a Central Computerised Information Centre. 
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CHAPI'ER 2 
ENVIRONMENT AND DECISIONS 
2.1. THE ENVIRONMENT 
In any decision making situation for a company system, a better 
decision results if the environmental behaviour and also the inter-
actions between subsystem variables amongst themselves and with the. 
environmental factors associated with it are better understood. So 
an understanding of the basic framework in which decisions will be made 
is the aim of any responsible executive in industry. This applies 
particularly to strategic decisions. .An executive in industry alwews 
likes to keep himself well informed of technological developments in 
his field. All information appertaining to these will be very welcome 
especially when he is thinking of new products for market entry. But 
the major share of his decision making capability depends on his 
ability to create the resources and allocate them most· effectively. A 
manager is judged by his ability to attain objectives which are set 
for him in the majority of cases or ,which he sets for himself in others. 
So he strives his best to understand his environment and the inter-
actions that his company elements have. with the environment. But the 
challenge for him is that the environment is not static but dynamic. 
The community at large is achieving economic progress. This leads to 
their demands changing every other dew. Progress in technology is 
shortening the life cycle of products. Quality is a vital necessity 
for products to sell. Competition is increasing not only within the. 
country but also from overseas compe~itors. To keep up with all this 
the manager has to get a clearer understanding of what he. is up against. 
If his research department has conceived of an idea for a new product, 
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he has to get his marketing men to find out how the product will be 
received and whether the product will sell in sufficient quantities to 
justify production. Once they think it will sell, he has to get his 
production team to come with a plan for production. He has to get 
his financial team to work out what money is required and how it is to 
be. raised. But the majority of his resource allocation problem starts 
with the cash flow generated by his company in the last year. Dividends 
have to be paid out to shareholders and this has to be kept up to 
levels forecast and other environmental considerations, like how com-
panies in the same industry are performing. If performances are not 
up to expected levels there is a lack of confidence in the management 
of the company. The company has to keep aside money for future expan-
sion and diversification. If more money has to be borrowed with this 
in view, company performance becomes a vital factor as it is the main 
criterion considered by would be investors. The multifarious problems 
that an executive faces forces him to come to terms with his environ-
ment. He tries to quantily all the controllable variables using 
operations research and other techniques and uses his judgement gained 
from his years of experience and that of men working under him to try 
to analyse what the uncontrollable variables are and arrive at the 
strategy that maximises his chance of success in a particular situa-
tion. In other words, an executive has to know what has been happen-
ing all the time he. has been making his decisions so that he can diag-
nose a situation similar to one that occurred in the past by observing 
the symptoms and so prescribe a solution that is best for the problem. 
When looking into the British Machine Tool Industry, therefore, 
the environment as it existed in the past and as it may exist in the 
fUture needs study. So a discussion of the organization for decision 
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ma.king as it e.x:i.ste.d will be looked at and also the. environmental 
factors that may develop in the future will be extrapolated from past 
behaviour. The basic structure of the environment we consider con-
sists of the government, the capital goods industry and th~ consumer 
goods industry. The capital goods industry supplies the. productive 
equipment to the consumer goods industry, which mee:ts the. majority of 
the needs of the public with its products. Within the e.nvironme.nt 
also has to be considered factors like external competition which brings 
pressure on the industry generally and also makes it plan its products 
in such a wa:y that this external competition is overcome .• 
Before. venturing to study the. characteristics associated with 
these three sectors which comprise the environmental structure in which 
decision making has to function, it is necessary to list the. criteria 
on which industrial performance should be judged. They are 
(1) Commercial viability 
(2) Technological capability. 
The decision :associated with commercial viability is the financial 
decision and the decision that associates with technological capability 
can be termed the technological decision. Within the technological 
decision can be encompassed its two important vectors - Research and 
Development and Marketing. Decisions associated with R. and D. and 
Marketing should be taken with a unified approach. This theme will be 
developed when 'technological decision' is discussed. There is a 
great element of uncertainty in both the technological as well as the 
financial decisions much more so than in other management decisions. 
That is why these decisions border on th~ tstrategic t variety, although 
they have elements of 'non strategicness' present in them. The impor-
tance of the financial decision stems from the fact that any system 
which involves resource allocation, be it a governmental economic system 
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like nationalised industries, or a company system, their actual perfor-
mance for comparison's sake will almost always be. made with financial 
criteria - surplus of revenues over costs, rate of return on assets, 
rate of return on invested capital, etc. 
In this stuqy the importance of th~ technological decision is 
paramount and financial decision will be. treated only where it 
associates with the technological decision. The. environme.ntal structure 
in th~ decade 1950-60, 1960-70 and 1970-$0 will also be viewed from the 
technological de.cision point of view. The financial decision will be 
stressed in areas where it is relevant. 
These decisions are looked at in greater detail next. 
2.2. THE FINANCIAL DECISION 
Solomon (15) considers that tithe function of financial management 
is to review and control decisions to connnit or re.connnit funds to new 
and ongoing uses". This assumes that financial management is not only 
a staff specialist function but also an integral part of the total 
management of an enterprise. Every section of a company has to deal 
with finance at some stage or other. Budgets are generally drawn up 
indicating each department's requirements in most companies. It is 
the funtion of top management to match these requests with allocations 
giving due weightage to environmental change considerations. The 
financial goal of the enterprise may be to maximise the present worth 
of shareholders' earnings including pooling back enough money into the 
company to achieve a sustained growth rate. The role of the financial 
manager is moving away from day to day problems in the running of the 
company to participation in the drawing up of long range plans (16). 
Cash flow analysis is gaining more importance in financial management. 
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['he critical decision in financial management is arriving at the 
optimal financing decision. This is a decision which considers the 
financial mix of capital raised by loans, new issues and retained 
earnings, thus determining the overall cost of capital. Th.e invest-
ment opportunities ranked in order are discounted at this cost to 
determine the best way- to allocate resources. 
Th.e important factor that concerns us in this study is the 
question of allocation of resources to different requirements. 
Basic~ profit is the difference between revenue and expenses. It 
is from this that dividends are deducted, tax is paid out and money is 
kept aside to meet aJJY expansion plans for the cOIDpany. 
Assuming that finance is available, within every section of a 
cOIDpaJJY like production, marketing, development of new designs, etc., 
the question is of estimating the chances of success within the evalua-
tion of alternative investment opportunities. So in every facet of 
management where rate of return and cost effectiveness has to be con-
sidered, finance is a critical factor. 
Let us consider some typical financial decisions and the uncer-
tainty involved in some of them. Take. the case of a cOIIqJaJJY where 
they usu~ keep aside a fixed proportion of past year's sales or 
profits to R and D. Now the, cOIIqJaJJY's basic research team may- have a 
new idea which the R and D manager thinks could be used to develop a 
new product for the cOIDpaJJY which will put the cOIIqJany way- ahead of it s 
cOIIqJetitors. Now the financial commitment to develop the product 
commerci~ may involve a considerable sum. It is not unlikely that 
nothing so successful as the product estimated by the R and D manager 
would result from the. applied research. So the cOIDpaJJY has to consider 
the probability of success on such a venture by a mixture of a study of 
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past experiences on such ventures, the capacity and the ability of 
the companyfs research team to produce new products from such basic 
ideas, the general performance of the R and D section, etc. In spite 
of considering all this, the decision to commit funds is a unique 
decision at that point in time. There is a tremendous amount of 
uncertainty involved in the decision. 
In another case it may be a question of committing the companyfs 
resources for a big advertising campaign. It may be a question of 
allocation between an old product that is slowly losing its share of 
the market and on an entirely new product. The question top management 
with the help of financial management has to find out is whether there 
will be an increase in sales by either of the two campaigns. Is the 
expenditure justified in either of the two cases. The next considera-
tion is which of the two campaigns is better considering both short 
term and long term implications. This may be the worry of the, Marketing 
Manager. He has to consider the two possibilities and re,comrne,nd a 
course of action to the Financial Manager, who will give his own views 
on whether this is the best investment at that time or whether alterna-
tive investments with better fopportunity' costs exist. In both these 
cases the allocation of money for investment is against great uncertainty. 
In the case of a decision for investing in a new N.C. machine tool, 
the company may have to consider the advantages to be gained by using 
this machine tool over a set of conventional machine tools and whether 
the machine tool can be worked on 2 shift or 3 shift basis to justif,y 
the high cost. In this case, unJike the first two examples, the 
uncontrollable elements are much less and outcomes are predictable. SUch 
a decision can be arrived at quite easily by top management. Again in 
some other decisions to reduce, the, element of uncertainty, information 
has to be collected which may entail a lot of expenditure. Here the, 
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question is whether all this information is going to bring a:r:ry benefits 
worth the expendit1U'e involved. This has to be weighed against the 
loss the compa:r:ry may suffer from a hunch decision. In each case, 
therefore, the reS01U'ce allocation decision is unique and it calls for 
an appreciation of every facet of a business with a built in cost 
effective consciousness. 
2.3.1. TECHNOLOGICAL DECISION 
The technological decision is most crucial for an industrialised 
econornlf both at the macro as well as the micro level. This is so, 
because to keep the econornlf continually advanced, industrie.s within the. 
system have to keep producing goods of a quality superior to thos~ of 
their competitors. To achieve this the. government as well as companies 
of all industries should endeavo1U' to keep the pace up by investing the. 
right amount in research and development (R & D), so that newer products 
at cheaperiprices flow 1 from its factory lines. But mere production of 
new goods does not automatically make them acceptable to consumers who 
themselves generate the creation of these products at R & D by their 
opinions and attitudes to market research persormel of companies. It 
is the function of marketing people in companies to monitor changes in 
tastes of consumers and have the information transmitted to their 
re.search teams. In other words, marketing and research te.affiS in com-
panies have to coexist so that the right policies which give due. con-
sideration to environmental changes emerge. That is why it is 
believed that when considering the technological de.cision, R & D and 
Marketing should be taken as sections of one and the same total system. 
This is particularly so in the. case of compa:r:ry or industrial systems. 
Governmental systems have different sort of objectives from those of 
compa:r:ry systems. Here th~ marketing vector of th~ technological 
decision is not so pronounced as in the. case of a compa:r:ry system. 
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Government expenditure on R & D is motivated by national objectives 
lime, for example, the development of a new weapon system for defence 
purposes. In another instance government m<3\7 want to assist an 
industry to protect itself against aQY external competition so as to 
keep som~ advanced technology know-how within th~ country for strategic 
reasons. An example of this is the. government assistance. to the 
British computer industry to withstand American domination of the local 
computer industry. So government is motivated by national and inter-
national considerations when it is committing its resources for 
development work. This does not mean that government can conveniently 
ignore the marketing vector when making its technological decision. It 
has to consider the requirements of the users of the equipment for 
which it is pa;y:ing or sharing the costs of development. A very good 
example of a governmental technological de.cision where. the. marketing 
element was not given adequate consideration was the case of the 
development of the TSR 2 aircraft for defence which was cancelled later. 
Here, the initial feelers showed that there was a nee.d for a flexible 
aircraft in the. 70s and the TSR 2 as envisaged would fit in with the 
requirements of the .Air Force. The point not considered was whether 
assuming that the market for such an aircraft was limited for security 
reasons, was it right for the government to underwrite an uncertain 
development expenditure which could escalate and thereby boost the unit 
cost of the aircraft up whe.n information was available that the. 
Americans were developing an aircraft of compatible performance, the 
selling price of which would be smaller, mainly because of the exis-
tence of a bigger market there assuming development expenditure growth 
on similar scale. Of course if the aircraft was not obtainable from 
an alternative source, it was right to develop the aircraft in Britain. 
The money: could have. been well spent developing a passenger aircraft 
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for commercial flights which would have had a bigger market and hence 
greater earnings of foreign exchange, which in turn would have paid 
for the military aircraft. 
The basic decision was a make or buy decision. Investments 
should always be made to develop products which it is hoped would bring 
maximum benefits to the system the decision maker is working for. In 
such decisions which involve huge conunitment of funds the technological 
risk has to be balanced with the financial risk involved. The market-
ing component of the technological decision is very significant. In 
spite of the vast amounts involved it is felt that the Anglo French 
Concorde Aircraft development is a right technological decision as it 
is a new product and will be way ahead of its competitors. Once the 
problems on the effects of aircraft noise are sorted out, market leader-
ship is bound to help the Concorde so that modified bigger versions 
could be built in the future. 
It is never very easy to estimate the expenditure involved in 
developing a new and very sophisticated aircraft or weapon system. 
Even with the best technological forecasting techniques, expenditure 
is way out from what was the original estimate. This has been both 
the American as well as British experience. Two instances immediately 
spring to mind in the British case - the Ferranti Bloodhound missile 
where the estimate was very nruch higher than the actual costs involved 
and the TSR 2 where the development costs were very much higher than 
the original cost estimates. In the majority of cases the cost 
estimates are lower, just as in the American instances. It is not 
proposed here to go into details as to what are the reasons for this 
disparity but one reason could be an over optimism on the part of con-
tractors to bid for jobs assuming that the government, once it was 
committed, would continue to support them because they are strategic 
jobs. Roberts (17) quotes instances from a RAND Corporation report 
on military experiences in product development which 'indicates that out 
of 22 major products to develop items of Air Force equipment, only two 
were found in which the initially predicted average costs were correct.' 
The other 20 projects incurred final costs per unit which varied from 
20% to 5670%. There were slippages in delivery schedules as well -
and development time extension by a third to half was not unconnnon at 
all. This does not mean that the Americans have succeeded in every 
project they have undertaken. There have been a number of cancella-
tions because of the exorbitant costs involved. Of course the aim. 
of the decision make.r in such situations is to estimate the proba-
bility of success by using his experience in matching technological 
capability with commercial viability for arriving at the right decision. 
Thus even a governmental decision like building up a new weapon system 
has to take into account the R and D abilities, cost considerations and 
whether there will be a market for it. We consider next the R and D 
and marketing segments of the technological decision separately and in 
detail. 
2.3.2. RESEARCH AND DEVELOPMENT 
The two objectives that any company hopes to achieve by committing 
funds for research and development (R and D) are: 
1) survival, 
2) profitability. 
The survival objective is a desire for the company to perpetuate 
its existence as long as possible. Profitability refers to the 
company's aim. to achieve profits continually in the long term. In a 
way research is a kind of insurance. When we consider R and D we 
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divide it, generally, into 
1) 
2) 
3) 
Basic Research, 
Applied Research, 
Development. 
Basic research refers to original investigation for the advance-
ment of scientific knowledge "Which rn.ay not have specific connnercial 
objectives. This is done at universities, national laboratories, or 
companies. Applied research is investigation directed to discover 
new scientific projects which have connnercial objectives. This is 
done Nith greater emphasis in companies, industrial research associa-
tions, national laboratories and universities. Development refers 
to technical activity concerned with problems that arise with the 
application of research findings to products and processes. 
mostly done in companies. 
Ver.y few companies perform all these three types of work. 
This is 
Depending on what products they make, their strengths in each of these 
categories var.y. But development work is carried out by majority of 
companies. Many companies link design and development together in 
their organizations. In many instances ideas from research done by 
specialist research associations are used by development teams in com-
panies to produce new products. But generally, depending on the 
nature of the industry the company is in, its policies on research vary. 
A company in the Chemical industr.y will have to carr.y on a lot of 
basic research on new chemicals, new processes and on pilot plants that 
cut down unit costs. Companies like I.C.I. and Du Pont have to carry 
on all three types of research. A company in the electronics industr.y 
rn.ay do basic research if it is sufficiently big enough to afford it. 
A company like Texas Instruments has to do a lot of applied research 
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which will produce end products which are themselves used on computers. 
A company in the machine tool industr,y may use basic research concepts 
developed by its trade research associations and then use them on 
product improvements. In a few cases research done in some industries 
has helped other industries. The development of the N.C. machine tool 
was aided by the electronics industr,y. It should be the aim of com-
panies to keep on bringing out a stream of improving products all the. 
time. and for this to be achieved, they have. to spend the. right amount 
on research and development. 
It is irmovation that produces growth in industries and in enter-
prises. Innovation stems from R and D and is the introduction of new 
or improved products or processes into the market. Companies which 
have a high rate of innovation do well while those that have a low rate 
of irmovation become stagnant. Innovation is different from invention. 
Invention is bringing out something complete~ new, while irmovation is 
using invention to bring out commercial products. Invention has to be 
encouraged all the time on a broad base and patents result from 
inventions. 
result. 
From about 10 new inventions one comme.rcial product may 
Research works through the science, engineering and management 
function and their environment (Fig. 2.1). At the science level all 
new ideas are encouraged to be. developed. The invention function can 
be included in the science phase. It is in the engineering phase, 
where these. ide.as have, filtered through the. science-engineering inter-
face, where appraisals are made of ideas with regard to innovation 
possibilities. In the engineering phase, a practical bias is given to 
the various ideas. 'The ideas selected at the engineering phase now 
pass on to the management phase where questions like whether the product 
will sell, whether the company has the right or enough resources, what 
27 
SC\ENCE 'P\-\ASE 
T lME. Sc~eDUL.6 
L-'QE~L. 
.- .-. .... ..-.. ~ ~ ... .- .- -- .-~ ~ ~ _ ... .., __ CID' c:::!3 e:z:I ~ c:==I 
SC\ENCE-S'~C\INEE.R'NC) \NIER Ff-\cE 
'T. M E se'" £1:>0 L.E. 
MODERA'Te 
c:::t.:l ~ c=t CJ c:::J c:t ~ 4:? c::t c:t c:::t ~ 4I:::!J 4::::. 4I:::!J _ c::::J c:::J c::::J CD c::z:iJ CD _ c=::IIt 
SI" t;\ NEE.. RII'-\C\ -' M AI'J AC\E.MEN' I '''IERF ACE. 
MIl\NACiE.ME~T PI4-ASE "'Nl E SCHE.'DULE. 
.,., " "" T 
FIG. 2,., . TJ.tE "THREE PHASes OF Re.SEAR.CI-I 
are the constraints within and outside the company, etc., will be 
asked. For research to succeed, it is essential that the engineering 
management interface becomes a feasibility barrier where ideas are 
thrashed out for checking on the ones selected for management approval. 
A feedback loop which operates from the management to engineering 
phase and the science phase will give R and D direction and a continu-
ous appraisal of potential end products. In the science phase, 
working to a time schedule may not bring results as ideas and inventions 
can develop o~ in a system organized loose~ or in an organic wqy ( 18). 
In the engineering phase, work is done on a tighter schedule and also so 
much leewqy is not allowed as in science phase in the working framework. 
Here the organization may be on mechanistic lines. The approach in 
the science phase is general but in the engineering phase the approach 
is towards particular systems. The management phase is the one in 
which the time schedule is the tightest. The function of personnel 
involved in this phase is to harness the wqyward genius of personnel in 
the science phase and the practical men in the. engineering phase to 
direct their energies into meeting company or system objectives. 
There is a wide~ held belief that once the basic research element 
in R and D is directed to keep within prescribed constraints, i.e. under 
strict management control, it would not produce brilliant ideas. There 
is no proof available for us to believe that it is so, as quite a lot 
of remarkable discoveries have come out from companies. After all,. 
management is hamstrung with the problem of scarce resources and they 
have to judge whether a particular project is going to be within the 
realm of technical and marketing possibility and discard it or continue 
with it as and how the situation develops. Although in an ideal situa-
tion, research should work within the domain of theoretical possibility, 
managementts function is to make it work within a domain of technical 
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and economic feasibilities. This means that it has to evolve a 
strategy that encompasses within it a long term plan which charts out 
the expected position of the company some years ahead and also has 
short term possibilities. A good research strategy would: 
1. Take into account areas where research should be aggressive and 
where it should be defensive. (Research is termed aggressive 
when it is done for new product-market entry while it is termed 
defensive when it is done to protect existing product lines 
against competition.) 
2. Consider all advanced technologies and break-throughs to look for 
any 'technology transfer' possibilities for the company's 
existing product lines, or for diversification opportunities. 
3. Have a proper balance between high risk and low risk ventures. 
Much of what has been said about research earlier applies to 
government systems as well. But the aim of government should be to 
create a cDJn.a.te favourable for research because it is only through 
research that products of superior quality emerge from its industrial 
systems. 
2.3 .3. MARKETING 
The marketing vector of the technological decision is vital for 
any company. Products conceived by its R and D section have to be. 
geared to buyers' requirements. This can only be achieved if efforts 
are made to understand market behaviour. The company also has to 
make the market aware of the existence of its products. Thus there 
has to be. a flow of information to the market which takes the form of 
advertising and other promotion techniques and a feedback from the 
market which indicates the buyer requirements and their attitudes to 
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the company's products, and which takes the form of marketing research. 
The information obtained is used by the company's R and D section to 
develop new products and to improve the existing ones. R and D and 
marketing should not work in isolation but should operate in unison to 
promote synergy (19). The ability of these two departments to coexist 
is critical for the technological decision in a company to be effective. 
It is the function of management to produce and sell products 
that have value to its customers. Value has different connotations to 
different people and what may be considered as giving good value to one 
person may not be considered to be so by another person. Marketing has 
the. task of projecting this 1.tV'alue concept in all its manifestations to 
the various sections in the market. The market environment itself is 
changing at a fair pace. More and more people who are satisfied with 
getting their primary needs are looking for satisfaction for their secon-
dar,y needs, i.e., from accepting stereotyped products of one quality, 
they are looking for products that have more variety. The techniques 
of production have also to be. geared to this transformation in the 
market. So long as the greater section of the market was satisfied 
with primary needs, mass production was all right in such a situation. 
With increased prosperity there is a drift in value requirements from 
primary to secondary needs and to meet this challenge production systems 
have to be flexible to meet the varied demands of the buying public. 
This point will be elaborated when the machine tool industr,y is discussed 
and the ability of numerical control machine tools to satisfy this 
flexible production system principle is of great importance in the future 
of all engineering industries. 
The marketing function should aim to be customer oriented rather 
than product oriented. Product orientation may be successful in the 
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short run but not in the long run because if their needs are not taken 
into view, customers may switch to competitive products that are 
customer oriented. As Levitt (20) points out, this lack of realisa-
tion of the need for customer orientation has cost the. U .5. Railroad 
companies and the Hollywood film industry tremendously because of their 
inability to capitalise on growth opportunities. If the railroad 
industry had taken a broad view that they were operating in the 
ftransportationf business, things would not have come to such a pass 
where cars, buses and planes cut into the.ir field vigorously. With 
the.ir vast experience, film makers were the. obvious choice. for develop-
.ing TV in America. They considered the. TV industry as their enen:w and 
did not realize the :iJ:mnense potential TV had. Failures in both 
industries were due to non-appreciation of customer preferences accord-
ing to Levitt. Any industry has to work in a broader framework and 
study changes in consumer attitudes and research into branching out to 
producing newer products that may in some cases have nothing much to do 
with the companyfs old but fast obsolescing products. This calls for 
realism at both the marketing and top management level. 
As management increases, through adopting the right policies, the 
potential market for its products, competition is going to increase 
from other makers of similar products. To minimise competition, the 
companyf s product must have uniqueness. This could be better design 
or styling or cheaper price. In other words, the management objective 
of maximising market potential and minimising competition can be 
achieved provided product quality makes differentiation apparent in the 
market. The right market segmentation policy may also achieve this 
twin objective if the segments of the market chosen with the product in 
view are vigorously lobbied by effective marketing. 
Marketing along with R and D, therefore, forms a crucial interaction 
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in the technological decision and an integrated approach should promote 
synergism and pave the way for survival in a changing economic 
environment. 
SUMMARY 
In this Chapter, the importance for executives to come to terms 
with the environment associated with their decisions is stre.ssed. 
When faced with a decision, a manager generaJ.ly isolates the controllable 
variables from the uncontrollable ones. He quantifies the former and 
puts probabilistic estimates based on his experience on the latter to 
arrive at a decision which will maximise his chances of success. The 
two most important decisions which regulate compaQY performances are 
the financial and technological decisions. Th~ financial decisions 
lead to optimal resource allocation. The technological decision is a 
nUx between R and D and Marketing and promotes the birth of commercial 
products which help to bring about improved overall compaQY performances. 
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CHAPTER 3 
GOVERNMENT AND COMPETITIVE PRESSURES ON DECISION MAKING 
3.1. GOVERNMENT PRESSURES 
Loold.ng at the environment in which decision makers have to 
operate, the significant factors affecting decision making which emerge 
are actions by: . 
(a) Government 
(b) Competitors 
Quite a number of happenings in the business firmament can be 
traced back to one of these two elements or a combination of these two 
elements. Other constraints, like shareholders' expectations, don't 
affect industrial decision making to such an extent. It would seem at 
first glance that competition would affect decision making to a greater 
extent than government actions. However, government policies transcend 
down to affecting all industries in some way or other. This is 
inevitable because government has to operate the econorrw with certain 
objectives. 
Assuming that it is rectifying the balance of pC3\Ylllents that 
government considers as its primary objective, it may decide on certain 
policies that it feels would work towards achieving its objectives. To 
encourage investment in depressed or underdeveloped areas it may intro-
duce liberal investment allowances in these areas. It may increase 
corporate taxation, it may increase the Bank Rate, or it may put a 
surcharge on imports seeing that importation is high. Government, by 
making these decisions, is hopeful that overall economic performance 
will be improved. These decisions made by the government affect the 
various industries differently. 
A compaQY that has a factor.y operating in an underdeveloped region 
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would benefit by schemes introduced to encourage investment in 
depressed areas. Another which depends on a lot of imported contents 
for its end products may find the going rough if the government decides 
to introduce an import surcharge. The prices of its products may go 
up depressing demand for its products and may affect the company's 
employment levels and investment policies. Some workers may have to 
be laid off and if they are skilled, they may become non-available when 
demand picks up again. Similarly other governmental policies are 
bound to have their repurcussions on industries differently, beneficial 
to some and detrimental to others • Naturally, decision makers have 
to be aware of what is happening around them and study how they are 
going to be affected by governmental policies. Thus, government has a 
big say in matters that decision makers are most concerned with. What 
it hopes to achieve is to create the right framework for industry 
which it (the government) thinks would help in improving overall 
economic performance. Its aim in many instances is to restructure 
industry to be up with the times and beat off competition. It may 
want industries that do not have much of a future to rethink on their 
strategies for development. By bringing pressure on decision making 
systems, it is helping them to realign their systems so as to be up-to-
date with contemporary technology or opt out into new pastures or in 
other cases to be competitive vis a vis foreign manufacturers. Its 
aim is to create an atmosphere which helps the decision makers in 
industry to operate their systems with greater effectiveness. Political 
ideology has some influence in the way government decisions are arrived 
at, but its significance is very much less than as it is made out to be 
by political parties. These tend to magnify the marginal ideological 
element to a great extent, mainly to differentiate between themselves 
to the voting public. But government, it must be remembered, is 
always motivated by national objectives all the time. 
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3.2. COMPETITIVE PRESSURES 
A company is also lUlder pressure from competitors, both external 
and internal. External here refers to foreign manufacturers, while 
internal refers to compa.rri.es who make the same product lines or who 
operate in the. same industry within the cOlUltry. Within the cOlUltry 
competition ~ take the form of improved quality of competitorst 
products, cheaper price, better delivery dates, better marketing tech-
niques adopted, or it may be due to a competitor having greater 
resources because of its association with a bigger group. 
External competitiveness may be the result of cheaper prices (in 
many cases a system exists by which some foreign compa.rri.es have big 
differentials between their goods t home prices and prices at which they 
sell abroad. This essentially stems from government encouragement to 
promote foreign exchange earnings, better delivery dates and better 
credit facilities and guarantees provided by competitorst government 
agencies. These, and other instances, like ability of competitors to 
adapt their systems to the requirements of advanced technology, policies 
of governments to encourage innovation by encouraging R and D expenditure 
can all cause a companyts top executive something to think about. He 
has to plan his strategy based on assessment of all these changes which 
are going to affect his company in some form or other. He has there-
fore to look for information with regard to all these issues on his 
competitors. On competitors within the cOlUltry, he can get a wealth of 
information by looking through their balance sheets, companyts future 
developments as mapped out by chairmen, study market movements of shares, 
study performance of individual companies relative to industry generally, 
n1l.IIlber of product market entries they have made in the last few years, 
etc. Information is obtainable from a variety of sources, including 
financial newspapers. 
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On foreign competitors as much information may not be forthcoming but 
a judicious study of countries' development plans and government involve-
ment in industry through R & D and other policies, like aiding exports, 
would help in understanding the environment in which policy decision 
makers in these countries operate. By making a thorough study of 
governmental policies on a national level and by analysing performance 
of companies in his industry, an executive will be in a good position 
to know how his counterpart in another country is arriving at his 
, decisions. This would help him a great deal as he could be always one, 
step ahead of his rivals if he used the information at his disposal 
with great care and arrived at the right strategy for his business. 
3.3. PERFORMANCE APPRAISALS 
The intensity of government and compe,titive pressures on industrial 
decision m.a.king systems have affected performances in the last ,decade. 
There is no rule which says that past trends extrapolated would predict 
future behaviour because it is not very easy to put quantitative values 
to attitudes and other behavioural implications that are involved in 
de,cisions. statistics from government and company publications give a 
good idea as to what performance was like in the past. It is only when 
comparison is made between actual performance and desired performance 
that the evidence of the existence or non-existence of a gap is estab-
lished. Once this is done explanations are, sought based on an analysis 
of the system and isolating the characteristics that were responsible 
for the performance. In any business situation, unless some sort of 
yardstick exists against which to measure actual progress, management 
is not going about its job in the, right way. For a company this yard-
stick is determined after giving due, consideration to forecasts of 
different sections of the company and then working out a compromise 
target which would result in an overall growth rate connnensurate with 
the expectations of people who have vested interests in the compaQY. 
This yardstick has to take account of environmental tendencies to a 
great extent because it must have validity relative to other companies 
in the same industry. If this is not so, there will bea migration 
of people who have a stake in the compaQY to other more profitable 
ventures. It is essential therefore to have the confidence of the 
investing public in all things that a compaQY does. 
What is true of industrial management at compaQY level applies to 
economic management at a government level. A good economic performance 
by a country brings innnense satisfaction to its people. Although two 
different companies may be making entirely different product ranges, 
their basic strategies are motivated by a consideration to provide some 
value through their products to society and benefit themselves in the 
process; so a comparison of their performances in what they set out 
basically to do is possible. Such a comparison between the economic 
performances of two countries may not represent a similar test because 
countries are motivated by objectives which are aimed at safeguarding 
their own national interests. Each country adopts a different stra-
tegy based on what it sees as its role in the world and economic 
resources are allocated accordingly. It is not proposed here to 
delve into how different countries arrived at the policies they have 
adopted or may adopt in the future.. However, certain policies, parti-
cularly the ones which affect industrial performance in these. countries 
have to be studied if an executive in one country has to understand 
better the environment in which he is making his decisions. In addi-
tion he has to get a good idea of the. system in which industries 
operate in each of those countries whence he finds competition for his 
products. For example, pricing of products is worked out in a different 
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wB¥ in a country where the free market mechanism does not operate. 
This ~ affect a British company in some export markets where prices 
from such a country would be more competitive because of the. system 
being different. In such cases unless the products of the. British 
company have something extra for the extra price asked for, they will 
not sell. The most important thing that any executive should look for 
is the R and D policies of different countries and how they are going 
to affect his particular industry. R and D expenditure is a good 
indicator of innovation potential. It helps to get a clearer picture 
of the competitive environment. Of course since countries are 
motivated by national aims and aspirations, R and D policies reflect 
this fact. Countries like U .S.A. and U .S.S.R. hope to put men on the 
moon and this calls for a tremendous all out effort from all companies 
that affect the space effort directly or indirectly. Now quite a 
number of these companies connected with space and defence - another 
big R and D spender in both Russia and America - effort benefit by the 
advanced technology that these efforts entail. Since both these 
efforts are financed by government in both countries, the R and D is 
paid for by the government as well. Companies that get contracts for 
these ventures get these extra R and D funds for technological develop-
ment and also sub-contract some of their work, including developmental 
work to smaller companies. Companies that ~ be unable to sustain 
high developmental costs benefit by this tremendously. In other words, 
government money seeps through to help a variety of industries. 
Executives in all these industries in other countries where such a 
gigantic space venture is not considered important and also not feasible 
have to look for R and D funds from their own governments and also from 
their own company resources. A company executive who realises that his 
main competitor is pumping more and more money into research will, if he 
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does not follow suit, find the long term future of his company bleak. 
To be able to pump more money into research and development he has to 
make his company system operate more. efficiently so that enough money 
is earned as profits. A forward looking executive will study the 
pattern of R and D expenditure in those. countries in whichhis com-
petitors operate so that he is in a position to judge their innovation 
potential and prepare his company to me.et the challenge. 
It is proposed to look into R and D policies and expenditure of 
advanced countries so that at a macro level the competitive environment 
is better understood. This "Will be developed as a case study and 
policies and research objectives of countries who are Britain's main 
competitors will be discussed. The importance of the case study is 
to bring the relevance of the technological decision. That is why 
after R & D policies have be.en considered, there will be. a detailed 
look into Britain's export-import trends and comparisons will be made 
with Britain's main competitors. This will give a good idea of the, 
success of the technological decision in the, last decade .• 
CASE STUDY 
This case study brings out the importance of the. technological 
decisions at the international level from a British angle. R and D 
expenditure is a barometer to measure innovation potential while 
performance in world markets represents marketing strength. 
3.4.2. INTERNATIONAL RESEARCH AND DEVELOPMENT COMPARISONS 
When considering the research and development effort of industri-
alised countries, we classify them into two different categories: 
a) ver,y advanced, which includes the, U.S.S.R. and U.S.A. 
b) advanced, which includes U.K., West Germany, France, 
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Japan, Italy and Sweden. 
The very advanced state of technology in Russia and America has 
been achieved primarily due to their cormnitting heavy resources of 
money and manpower in space and defence efforts; for example, of 
$13,649.8 millions of federal expenditures on R and D in 1964, 
$7432.9 millions was spent on defence and $3637.2 millions on space 
endeavours, leaving only $2579.7 millions for all other departments 
including Health, Education and Welfare, Agriculture and Commerce. 
As regards Russia, not all R and D expenditure is indicated in the 
annual budget as such but an outlay for science is laid aside. From 
Russian published literature, it is very difficult to clearly distin-
guish between basic, applied and development expenditure. Korol (21) 
has estimated the Soviet R and D effort for the National Science 
Foundation and has told of the difficulties involved in the process. 
He looked through practically every scrap of evidence in Russian pub-
lished literature for his work. All research expenditure is financed 
by the state and different industries have research establishments for 
their own fields. There are no explicit details about space efforts. 
By comparing G.N.P. with budgeted and other science outlays, a ratio 
can be established which can be compared with available American ratios. 
Tables 3.1 and 3.2 show the G.N.P. and the R and D expenditure and the 
ratio of RD/GNP indicates a trend in favour of the United states. Both 
show a consistent rate of increase in the past decade. This trend is 
likely to continue in the next decade as well because both are racing 
to put their man first on the moon. There are two factors which deem 
consideration when we are comparing the U.S. effort with th~ Russian 
effort. 
Firstly, it must be realized that in the Russian case, duplication 
of effort is unlikely and this eliminates competitive R and D which is 
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TABIE 3.1 
SOVIET G.N.P. AND THE PUBLISHED SCIE:NCE OUTLAY G.N.P. 
Published Science Outlay 
G.N.P. SClliNCE OUTLAY 
Year Billion rubles Index. Billion rubles Index. % of G.N.P. 
1950 912 100 9.0 100 1.0 
1951 971 107 9.5 106 1.0 
1952 1016 III 10.2 ll3 1.0 
1953 1042 114 ll.3 126 1.1 
1954 1094 120 12.5 139 1.1 
1955 ll84 130 14.5 161 1.2 
1956 1293 142 17.3 192 1.3 
1957 1371 150 20.7 230 1.5 
1958 15ll 166 24.2 269 1.6 
1959 1634 179 28.2 313 1.7 
1960 1730 190 32.9 366 1.9 
1961 1826 200 38 422 2.1 
1962 1912 210 (43) 478 2.2 
Source: A.G. Korol, Soviet Research and Development. 
The NIT Press, 1965. 
TABLE 3.2 
U.S. R and D Funds. G.N.P. and RD/GNP ratios 
Year G.N.P. R & D Funds R & DLGNP % of Expected 
million million -Finances 
1953 $365,385 $ 5,150 1.41 53% 
1954 $363,112 5,620 1.55 55 
1955 397,469 6,390 1.61 57 
1956 419,180 8,610 2.05 59 
1957 442,769 10,030 2.26 63 
1958 444,546 1l,070 2.49 64 
1959 482,783 12,620 2.61 66 
1960 504,448 14,040 2.78 65 
1961 518,700 14,740 2.8 65 
Source: National Science Foundation. 
very nnmch prevalent in the American system. 
Secondly, there is the inflationary tendency of American R and D 
expenditure, which is created by the demand of workers in specialised 
fields by more than one company so that the best p~sters get the 
best brains, generally leading to a wage spiral. There is a high 
turnover of these workers (22). This in turn will lead to short 
tenures in key jobs on important-projects affecting their stability 
critically. In the Russian case such situations cannot arise because 
of the inherent controls in their administrative. system. 
Another facet of R and D that has great relevance when making 
international comparisons is the. number of workers taking part in the 
effort because this has long term implications. Here. again, the,re, is 
so much uncertainty in figures that a disparity exists between those of 
diffe.rent students of Russian economic management. A typical example 
of this is the difference betwe.en Korol's est:Una.te and that of O.E.C.D. 
workers (23). The latter have est:Una.ted the RUssian effort under two 
headings - a conservative est:Una.te and a project assumption, one for 
the year 1962. Table 3.3. gives Korol's est:Una.te of professional 
employees in the last decade and also the budgeted outlay per profes-
sional employee. Table 3.4 shows the two Russian estimates compared 
with the American and also other advanced countries. Here similarity 
exists between the U.S. figure and the Russian project assumption. 
The conservative est:Una.te is way behind the U .S. effort. Assuming a 
middle. path be,tween the. two assumptions, the Russian credentials would 
still be very significant when we consider duplication of efforts that 
occur in Ame.rican industry and the inflation of R and D costs, which 
is bound to be greater in a free market econonw. Add to this the 
greater investment in training technical labour force and in education 
generally since, 1963 - according to an American expert (24) - which 
TABLE 3.3 
SOVIET SCIENCE BUDGET - NUMBER OF PROFESSIONAL EMPLOYEES 
Science Budget Professional Employees Budgeted Outlqy per 
Year (Billion Roubles) (Thousands) Professional 10 ee 
Thousand I Index. 
Roubles) ! 
1950 5.4 75 72.0 100 
1951 5.4 80 67.5 94 
. 1952 5.6 85 65.9 92 
1953 6.2 89 69.7 97 
1954 6.9 94 73.4 102 
1955 8.3 99 83.8 116 
1956 10.3 123 83.7 116 
1957 13.6 150 90.7 126 
1958 17.0 172 98.8 137 
1959 20.0 197 1 101.6 141 
1960 23.4 235 99.6 138 
1961 26.8 275 97.5 135 
1962 (31.4) 305 . 103.0 143 
Source: KOROL, A.G. - Soviet Research and Development. The M.I.T. Press 
1965. 
TABIE :2.~ 
ESTIMA'IED MANPOWER ENGAGED ON R and D {12622 
Scientists Other Total Total Total R and D R and D 
and Persorme1 Personnel Population Working Personnel Personnel 
Engineers Engaged Engaged on ' Population Per 1000 per 1000 of 
Engaged on , on R and D , R and D (aged 15-64) j Population Working 
R and D P012ulation 
('OOOs full 
time equi- ('OOOs) 
valent 2 
( 'OOOs) (Millions) (Millions) 
u.s. 435.6 723.9 1159.5 186.6 1ll.2 6.2 10.4 
Conservative 
U.S.S.R. Estimates 416 623 1039 220 142 4.7 7.3 
Project 
Assumption (487) (985) (1472) (6.7) (10.4) 
U.K. 58.7 152.4 211.1 53.4 34.8 4.0 6.1 
W. GERMANY 40.1 102.1 142.2 54.7 36.7 2.6 3.9 
FRANCE 28.0 83.2 1ll.2 47.0 29.1 2.4 3.8 
W. EUROPE 147.5 370.8 518.3 176.1 113.9 2.9 4.6 
(U.K., W.G., France 
Holland & Be1gium2 
SOURCE: O.E.C .D., Paris, France. 
is bound to reflect in increased productivity in the 1970s as invest-
ment in education has a lead time of about 10 years before it starts 
paying off; the Russian effort looks very challenging indeed. To 
keep up with this the Americans have to invest much more in education 
and unless this is forthcoming, they will look for trained persormel 
in Europe and other parts of the world. In spite of efforts by other 
countries to reverse or stop the brain drain, it is likely in fact that 
the drain of persOlmel will go on increasing every year as scientists 
are attracted by better pay and working conditions in America to close 
the technical manpower gap. Recruiting of technologists and scientists 
from other countries is no substitute for a long term investment in 
education though. The only consolation is that the payback period is 
much shorter. 
Both Russia and America are so engrossed in aerospace ventures 
that their R and D policies are motivated by these objectives and that 
is why a comparison between these two and the other advanced countries 
may not represent the true picture. Of course space research brings 
benefits to other industries because of the requirements of exotic 
materials, accurate control systems, computers with phenomenal speed 
and storage, display systems, monitoring systems and a multitude of 
other components. In a survey on R and D expenditure intentions 
carried out by McGraw Hill Economics Department, 55% of the aerospace 
companies polled claimed that they had a spin off through federal R and 
D and in 21% of these cases, these rewards were in the. form of commer-
cial products (25). Rubber companies claimed that space related 
research paid off in consumer products, while paper companies gained 
from federally sponsored electronics. Nuclear technology has been 
helpful to the stone, glass and clay industry and oceanography has paid 
42 
off to petroleum companies according to the survey. 
The. new components required have. to have such great accuracy 
that production of these with 'zero defects' is a challenge to makers 
who nmst have the right manufacturing machinery. So newer ways of 
producing these components result through greater research efforts, the 
technology of which can be later transferred to civilian industries. 
Since no costs are. spared to achieve space. and defence objectives, if 
any component is delaying the. target dates, a concentrated effort with 
highly skilled manpower is put on the job and this can result in a 
spate of new ideas and techniques as by products, which in turn may 
lead to viable connnercial products. Even in Ame.rica the majority of 
the R and D funds (more than 60% in the. last few years) come from the. 
federal sources; (see Table 2). This trend is likely to continue in 
the future with greater intensity as more and more spectacular space 
efforts are planned and these involve the development of sophisticated 
gadge.try with complex support technologies. 
Information on R and D efforts is not very well documented by 
various countries and international comparisons may not present the 
right picture. All Russian efforts have to be. estimated by students 
of their economic systems. The National ScienCe Foundation in America 
has been tackling this job of providing as nmch information as 
possible and is also standardizing terms used in R and D surveys so 
that a uniform approach for surveys results (26). The O.E.C.D. looks 
after this for its member countries who themselves are. trying to 
organize the furnishing of this information for a better understanding 
of their R and D endeavours. The U.K. has always had this information 
available. but is aiming for greater details so that some idea of how 
effective research is can be established in the future. 
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Looking at the R and D efforts of countries categorised as 
'advanced' in this study, the U.K. seems to be doing reasonably well 
in terms of funds committed and men deployed. This rate has to be 
sustained so that lead over other countries is maintained in the future 
and increased if the benefits that American industry generally gain by 
space ventures are to be partly nullified. To prevent the Russians 
and Americans taking a runaway lead in technology, R and D efforts by 
other countries like Britain should be. concentrated on new and unex-
plored fields which should help build up new technologies, products 
resulting from which can be sold later on to both Russia and America. 
Britain is already doing this in some aspects of the atomic science 
field in which it has a big lead over all other countries. 
Table 3.5 looks at R and D effort in terms of money and personnel 
of different countries in years on which the latest information was 
obtainable. The significant thing is the nwnber of scientists and 
technicians involved in R and D in ~.apan and this may portend to the 
future and the emergence of Japan (the. Japanese data has not be.en 
reduced to full time equivalent). The. Japanese industry in the 1950s 
depended very heavily on foreign know how and this led to licensing 
arrangements, the main aim being to close the technology gap that 
existed at the time and after achieving a degree of equalisation to do 
further research from a higher plane and keep up with the West or over-
take them. This has made companies re.alize that from now on they 
should increase the RD/sales ratio so as to benefit industry in the. 
long run. A 'recent survey by Japan's M.I.T.I. (Ministry of Inter-
national Trade and Industry) indicated that Japan's top four companies 
have the average ratio for this at 2.8% compared to 7.4% amongst the 
top four American corporations (27). The companies intend rectifying 
this and hope to achieve a RD/ sales ratio of 6% in the. next few years. 
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One of the most discussed aspects of present da;yr management has 
been the 'technology gap' that is developing between the. United states 
and European countries. This has irked local susceptibilities amongst 
Europeans and there has been a cry against t American economic imperial-
ism' • The present state of affairs has largely been due. to "the U .S. 
having its large integrated markets, its giant companies, its pr~atic 
and flexible mass education system, the she.er size and depth of its 
scientific and technical conmrunities, its strong patent system and its 
more highly developed techniques to manage R and D programme.s", accord-
ing to James Quinn, an American industrial R and D expert (28). As he. 
points out further that European countries have awakened to the threat 
of American domination by develop~ institutions for more effective 
national and international competition. National planning linked up 
with international co-operative efforts, mergers into bigger units, 
more management education are some of the ways in which the American 
challenge is being met. 
Buying up American know how and linking up with American companies 
under licensing arrangements is one wa;yr of catching up with the gap and 
it also brings prosperity to the community in general. Although there. 
will be a flow of profits to the U.S., there will be. an equalisation in 
technology. So that they are not permanently dependent on American 
expertise, companies can take up licensing arrangements on an options 
basis for certain fixed periods at the end of which they can start up 
with a greater R and D effort on their own or else arrange that research 
efforts will be split between both countries. loB.M. operates its 
policies on an international basis and has research laboratories in 
Europe as well. Of course it can be said that for a company like. loB.M., 
by its sheer size relative to others and also its predominant share of 
the world market, it ma;v be imperative that an international policy is 
in its best interests. Although I.B .M. is only a special case, this 
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sort of arrangement may prevail in the future with other global com-
panies both European and American. Some sort of compromise situation 
has to be evolved when negotiating licensing arrangements so that after 
a certain degree of equalisation is achieved, R and D effort from a 
higher level can be triggered off. 
The fantastic achievement of the Japanese shipbuilding industry 
has been one of the most remarkable events in modern times. They are 
the worldts top shipbuilding nation and had almost half of the world 
market in 1966 and this was about twice as great as the combined efforts 
of the next 3 major shipbuilding nations, Britain, West Germany and 
Sweden (29). This has given a big boost to their steel industry which 
has achieved spectacular progress (see Table 3.5). Of course it is to 
be noted that Japan does not spend much on defence which she leaves to 
the Americans and so all efforts have gone towards making Japan into an 
economic power. 
A look at the national research objectives in Table 3.6 shows how, 
in the Japanese case research and development economic~ motivated 
forms 73% of total expenditure with no defence motivated effort at all. 
It is true that in the field of atomic energy Japan is doing a lot of 
work; however, it has projected its use for peaceful purposes only. 
Amongst other countries, the U.S. spends a very high proportion of its 
R and D funds on space, defence and atomic needs. So does France, 
which has recent~ stepped up its activities in these fields and these 
take 45% of her R and D funds. U.K. seems to have a good balance in 
terms of efforts and economic~ motivated R and D has 51% of the 
total effort compared to West Germanyts 62% which is significant although 
not in terms of total money involved. 
As Britaint s rivals in the world export market are West Germany and 
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YEAR: 
1955 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
TABLE 3.5 
CRUDE STEEL PRODUCTION 1955 - 1967. U.K •• U.S.A •• U.S.S.R •• JAPAN, W.GERMANY and FRANCE. 
(million tons) 
Country: U.K. U.S.A. U.S.S.R. JAPAN W. GERMANY FRANCE 
19.9 77.3 55.2 12.1 22.S 14.6 
20.$ S4.S 59.7 16.6 29.4 15.2 
24·7 99·1 65.3 22.1 34.1 17.3 
22.4 SS.9 70.7 2S.3 33.5 17.6 
20.S S9.2 76.3 27.5 32.6 17.2 
22.S 99.1 SO.2 31.5 31.6 17.5 
26.2 115.2 S5.1 39.S 37.3 19.5 
27.4 11S.9 91.0 41.2 36.S 19.6 
24.7 121.6 97·0 47.S 35.3 19.6 
(24.0) (115.0) (100.0) (62.0) (36.0) (20.0) 
Figures in ( ) represent estimates. 
SOURCE: Financial Times. 
TABLE 3.6 
COMPARATIVE RESEARCH AND DEVELOPMENT PERFORMANCES 
GROSS NAT. SCIENTISTS NATIONAL RESEARCH OBJECTIVES 
COUNTRY YEAR EXP. ON ENGINEERS GERD/GNP R and D ALLOCATION 
R and D 'IECHNICIANS Atomic Economically , Welfare 
(GERD) Space Motivated Misc. ($Million) Defence R and D R and D 
% % % 
U.S.A. 1963/64 21,075 696,500 3.4 63 28 9 
U.K. 1964/65 2,160 159,540 2.3 40 51 9 
W. GERMANY 1964 1,436 105,010 1.4 17 62 2l 
FRANCE 1963 1,299 85,430 1.6 45 41 14 
JrAPAN 1963 892 187,080 1.4 73 27 
ITALY 1963 291 30,280 0.6 21 63 16 
SWEDEN 1964 257 16,530 1.5 34 50 16 
CANADA 1963 425 23,850 1.1 26 51 23 
SOURCE: O.E.C .D., Paris, France. 
Japan, their stress on economica~ motivated R and D as a national 
objective holds out a threat to Britain if as it is expected they 
increase their total R and D effort in the next decade. To counteract 
this threat Britain has to re~ keep up the same pace in R and D as 
she has maintained so far at least, although a gradual increase in the 
next decade will push up product quality and innovation and create a 
favourable framework for marketing personnel. 
Table 3.7 shows the R and D expenditure by source and sector of 
performance and indicates that in the case of the U .S., France and the 
U.K., each of which has a sizeable defence effort, the government is 
the major contributor of funds and the Business Enterprise sector, in 
which private industr.y forms the major part, is the biggest recipient 
in each case. This is a step in the right direction. There is a 
need for executives in companies that get government contracts for R 
and D to be on the lookout for any by-products with commercial exploi-
tation possibilities that might emerge. 
France and Britain do quite a lot of their research in national 
laboratories and the important thing to note here is that research 
will be geared to meet national objectives. They have to be used by 
the government to generate ideas and work that will give help to all 
industries and also help medium and small companies that have no 
capacity to sustain research on their own by undertaking specific 
research tasks on their behalf. 
In the case of Japan, Italy and West Germany, industr.y seems to 
find money for research on its own. This is well reflected in their 
R and D objectives which are economic~ motivated. Also, they seem 
to be using their universities much more for getting some of their 
research done and hence the services of the most qualified people in 
these countries are better utilised. This can produce more original 
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TABLE 3.7 
R AND D EXPENDITURE ANALYSED BY SECTOR OF PERFORMANCE AND BY SOURCE OF FUNDS 
SOURCE OF FUNDS SECTOR OF PERFORMANCE 
I ! 
COUNTRY YEAR I BUSINESS PRIVATE NON- UNIV. & HIGHER EDN ~ BUSINESS GOVT. PRIVATE UNIV. 8 
. ENTERPRISE f GOVT. PROFIT 000. & OTHERS INCL. ENTERPRISE NON HIGHER 
ABROAD PROFIT EDUCN. 
U.S.A. 19~3 32 64 1 3 67 18 3 12 
U.K. 1964/65 41.2 54.6 1 3.2 67 25 1 7 
W.GERMANY 1964 57 41 1 1 66 3 11 20 
FRANCE 1963 33 64 3 51 38 11 
JAPAN 1963 65 28 3 4 65 12 4 19 
ITALY 1963 62 33 5 63 23 14 
SWEDEN 1964 49 48 1 2 67 15 18 
CANADA 1963 34 55 1 10 41 143 2 14 
f BUSINESS ENTERPRISE includes Private. industry, research associations and public enterprises. 
SOURCE: O.E.C.D. (for U.K. - Statistics of Science and Technology by Min. 
and Min. of Technology) -(H.M.S.O.) 
of Education and Science 
ideas cheaper because universities operate under great financial con-
straints. The most significant thing in the R and D comparisons 
that emerges is the fact that in the U.K. case only 7% of R and D 
effort is done at universities and is much lower than all the other 
countries we have considered (see Table 3.7). The United states at 
12% is more in keeping with their R and D objectives and the pre-
eminence of the Massachusetts Institute of Technology as a significant 
contributor to both the space and defence effort deserves mention. In 
fact, M.I.T. is one of the biggest Government contractors for research 
and development. American industr.y also contiibutes for research at 
universities. This is true of British industr.y as well to some extent. 
However, the non-utilisation of the best brains in the countr.y more 
effective~ is probab~ the biggest sip,gle failure of R and D policies. 
What has been lost by this under-utilisation cannot easi~ be assessed 
and the fault lies with all the three parties concerned - government, 
industr.y and the universities. Complaints about the lack of adequate 
facilities that one hears whenever prominent British scientists decide 
to work in America is probab~ justified as simp~ enough is not being 
done to make better use of these locked up resources. One of the 
biggest boosts that American industr.y - particular~ the new advanced 
technology ones - has had in the recent past has been the sprouting 
up of consultants from university faculties who have set themselves up 
as small units in their own specialised fields near famous campuses 
like M.I.T. and offer their services. One of the major factors in 
the good performance of the German Machine Tool Industr.y in the last 
decade has been the role pl~ed by the Aachen Technische Hochschule 
under Dr. Opitz and research here has helped the industr.y sort out lots 
of its problems and improved the quality of the end products (30). 
Co-operation with universities is bound to help industr.y in the 
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long rtlll and efforts must be made to set this right, if a climate for 
innovation is to be created for aiding executives in industry to arrive 
at better product decisions. Industry has to make use of all the 
facilities available in the environment if it has to be successful. 
Universities are a part of the environment and have been ignored by 
executives in industry far too long and they have only to harness this 
resource to arrive at better technological decisions. 
Details of the British R and D effort are shown in Tables 3.8, 
3.9 and 3.10. Table 3.8 shows the costs of R and D carried out in 
each sector in 1955-56, 1958-59, 1961-62 and 1964-65. One of the 
sectors which has had a significant drop in its share is Defence, 
which has had its share cut from 21.9% in 1955-56 gradually to 1l.9% 
in 1964-65. The private industry effort has been around the 60% mark 
except for 1958-59 when it was 55.8%. The universities sector has 
increased its share slowlY between 1955 and 1965 and if this trend con-
tinues, it is bound to benefit industry in the long rtlll. The impor-
tance of universities is due to the fact that basic research is 
encouraged there (see'Table 3.10). In 1964-65, 89.5% of money spent 
on research by Universities was spent on basic research. Universities 
can also be brought in to do more applied research and development work 
if industrial research associations and factories are located close to 
universities. This may be the fashion in the next decade and indus-
trial research associations may be located near university campuses. 
Companies may even site their factories near universitie~ so as to get 
the best benefits, particularlY in new advanced technology fields, 
from the various faculties. This is bound to promote a cross flow of 
ideas, benefitting personnel on both sides. 
Table 3.9 shows details of how each industry! s expenditure on R 
and D increased or decreased in 1964-65 compared to 1961-62. Two of 
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TABlE 3.8 
COST OF RESEARCH AND DEVELOPMENT 
CARRIED OUT IN EACH SECTOR 
1955-5(, 1958-59 
Sector Amount Amount: 
£M % £M % 
, 
GOVERNMENT ,i 
Defence Dept. 65.7 21.9 'I 102.7 21.6 :' 
l 
Civil Dept s. 10.5 3.5 39.4 68.2 
Research Councils 10.0 3.4 13.1 2.7 
Total 86.2 28.8 155.2 32.5 
Universities and Tech.Colleges 14.4 4.8 23.3 4.8 
Research Associations 4.9 1.6 6.4 . 1.3 
Public Corporations 5.8 1.9 10.6 2.2 
Private Industry 185.0 61.7 216.3 55.8 
Other Organisations 3.7 1.2 16.0 3.4 
Total Cost of 
R and D 
carried out in 
each sector. 300.0 100.0 477.8 100.0 
Source: Annual Report of the Advisory Council on Scientific 
Policy 1961-62. Cmnd 1920. HMSO, January 1963. 
TABLE 3.8 
COST OF RESEARCH AND rnvELOPMENT 
CARRIED OUT IN EACH SECTOR 
1961-62 1964-65 
Sector Amount % Amount % 
£M £M 
GOVERNMENT 
Defence Dept. 93.2 14.2 91.5 11.9 
i 
.1 
Civil Depts. 61.9 9.4 -! 72.7 9.4 I ! , 
i 
Research Councils 23.0 3.5 I 28.1 3.6 ! 
Total 178.1 27.1 192.3 24.9 
Universities 30.0 4.6 50.1 6.5 
Tech. Colleges 2.4 0.4 5.8 0.8 
Public Corporations 21.4 3.3 24.5 3.2 
Govt. aided Research Assocns. 8.1 1.2 10.6 1.4 
Private Industr,y 391.4 59.5 468.4 60.7 
other Organisations 26.3 4.0 19.6 2.5 
Total Cost of 
R and D , 
, 
carried out 657.7 100.0 771.4 i 100.0 
in each sector. 
Source: 'Statistics of Science and Technology' by Ministr,y of 
Education and Science and Ministr,y of Technology -
HMSO (1967). 
TABLE 3.9 
RESEARCH & DEVELOPMENT EXPENDITURE IN PRIVATE INDUSTRY 
Product Group 
Food, drink, tobacco. 
Chemicals & allied products 
Petroleum products 
Iron & Steel 
Non-ferrous metals 
Mechanical Engineering: 
Agriculture machinery 
Textile machinery 
Boilers and Boiler house plants 
Machine tools & accessories 
Othe.rs 
Metal goods industries not elsewhere 
specified. 
Ships & Marine Engineering 
Scientific instruments 
Electrical Engineering 
Electronics & Telecommunications 
Domestic appliances 
Electrical machinery 
Others 
Motor vehicles 
Railway equipment 
Aircraft 
Textiles 
Clothing, footwear, leather 
Glass, pottery, bldg. mtls. 
Timber & Furniture 
Paper, printing, publishing 
Rubber & rubber products 
Other manufactures 
All manufacturing industries. 
) 
) 
) 
) 
) 
) 
1961-62 
7.1 
39.7 
6.0 
5.5 
4.5 
33.7 
9.2 
49.9 
36.2 
86.1 
22.8 
0":7 
140.6 
8.7 
4.3 
3.1 
6.1 
378.0 
1964-65 
13.7 
55.1 
9.9 
10.5 
4.2 
0.9 
1.0 
1.8 
2.6 
25.0 
31.2 
6.4 
3.0 
10.4 
70.6 
4.3 
13.0 
9.1 
97.1 
32.2 
0.8 
138.5 
11.1 
1.2 
7.4 
1.5 
3.0 
4.7 
3.2 
445.3 
SOURCE: Statistics of Science & Technology by Ministry of Education 
and Science and Ministry of Technology - H.M.S.O. (1967). 
TABLE 3.10 
CURRENT EXPENDITURE ON R AND D BY TYPE OF ACTIVITY 
1964-65 U.K. in £ thousands 
Basic Applied Development Total 
Research Research 
Government 
Defence Sector 5121 20299 61195 86615 
Civil Sector 9174 24700 25452 59326 
Research Councils 8047 12421 2247 22715 
Total 22342 57420 88894 168656 
Universities 35336 4045 73 39454 
Tech. Colleges 1653 2273 472 4398 
Public Corporation 754 8012 12126 20892 
Govt. aided research 
associations. 9197 9197 
Private industry 19169 88883 300218 400270 
Non profit org. 2872 717 290 3879 
Total 82126 170547 402073 654746 
Source: Statistics of Science and Technology by H.M.S.O. (1967). 
the most significant growth areas have been the chemical and electronics 
industries. There was a drop in the mechanical engineering industry 
expenditure from £33. 7M. to £31.2M. The Machine Tool Industry in 1964-
65 spent £2.6M. There was a drop in the Aircraft Industryt s share as 
well though it had the biggest share of the total R and D effort. 
Chemicals and allied products, electronics and aircraft industries had 
60.89% of R and D in 1961/62 and this dropped to 59.29% in 1964-65. 
The remainder of electrical engineering industry and motor vehicles 
took 15.61% in 1961/62 and 13.17% in 1964/65. There has certainly 
been a marginal improvement in all the remaining industries together 
and their share increased to 27.5% from 23.5% during the two periods. 
The dropping of the mechanical engineering industryt s share is not a 
good omen for the machine tool industry. From interviews amongst 
executives in the machine tool industry, it transpired that a much 
greater effort in R and D, particularly on the Development side was 
envisaged in the future. 
In 1964, the British machine tool industry produced £119.7M. worth 
of machine tools at home when the R and D expenditure was £2.6M, which 
is about 2.2%. This ratio of RD/sales should increase in the future 
if a bigger share of the world market for machine tools has to be 
obtained; compared to 7.4% in the top four American companies, 2.2% 
looks small indeed for the industry. Of course, it has to be taken 
into consideration that the American Big Four companies operate in 
different growth areas and their huge sizes can withstand such a heavy 
R and D expenditure. The machine tool industry is one in which end 
products have long lives and therefore the R and D support need not 
attain the same levels as in the American companies t case, but an 
approach to somewhere near 5% in the next decade would really make the 
industry leap ahead of its rivals in the world market. Implications 
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of this and the advantages to be gained by the present reorganization 
phase in the industry will be elaborated in later chapters. 
Comparing national policies on R and D, what exudes is that the 
U .S. and Russian policies are so very much dominated by the space and 
defence efforts while those of other countries depend on how they see 
their role in the world. Japan sees itself as an industrial power of 
the future and so its policies are motivated by economic considerations. 
The lesson for British executives is that they must influence their 
companies to sustain a greater effort in R and D and use their own and 
government funds available and also other facilities available more 
effectively. They have to realize that R and D PCl\Vs off in the long 
run and goverrunent must encourage this feeling by creating the right 
atmosphere in which R and D can flourish. Goverrunent must introduce 
policies based on fiscal incentives to help companies which undertake 
R and D on the right lines. They should encourage university-industry 
co-operation to materialise much more in the future. 
From what has been discussed so far, what emanates is that govern-
ment is the source of funds in practically all countries irrespective 
of ideology and this is bound to be so in the future as well. The 
influence of government on industry is bound to increase as it will 
want industry to use the money it has allocated to be used as effec-
tively as possible based on national objectives. This is bound to be 
so in the U.K. as well, and therefore goverrunent will want industry to 
be cost effective in the use of its funds for R and D. Executives 
have to meet this challenge by looking at their business systems more 
closely than before and deploy their own resources with a greater 
awareness of conunercial viability and technological capability, the 
two most important decision considerations. 
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From what has been seen so far of the British R and D effort, 
there exists a very favourable trend and this is far superior to those 
of all other countries except Russia and the U.S.A. in terms of money 
connnitted. 
A sustained R and D effort should generally result in product 
innovations and provided marketing complements this R and D effort, the 
right technological decisions result and the company achieves profit-
ability and perpetuates its long term. survival. The R and D effort 
has to p~ off in terms of successful company performances. When 
records of companies within the same industry are compared, the return 
on investment is the yardstick to look for. Also comparison is made 
between companies of similar sizes to see how effectively they have 
deployed their resources. Other factors considered are sales turnover, 
worker morale, the future policies and investment opportunities in the 
comp~, etc. Whichever factor is used to judge company performances, 
it is only when comparisons are made like with like are we in a 
position to comment on the ability of management. 
sents managerial competence. 
Performance repre-
In the case of countries, the general prosperity of the people 
reflects the capability of the men who run the country's econonw. They 
determine policies based on historical precedents as to the genre of 
the econonw and aspirations of its people as to the direction of its 
progress. This means that if a country is primarily agricultural it 
~ decide that faster progress can only be achieved by faster 
industrialisation and so embark on such a policy gradually. It cannot 
afford to ignore its agricultural base. 
It has been mentioned time and again that for a country like 
Britain to maintain the standard of living of its people, a favourable 
export-import balance has to be kept up. This has not been forthcoming 
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in the last few years leading to perennial balance of payments problems 
and successive governments have been grappling with this problem. 
There is always a high import bill due to the need to buy raw materials 
and food. These imports are essential. It is not essential imports 
that have caused the worry over the last few years but the imports of 
manufactures. In the last decade imports have risen and so also have 
exports (see Figs. 3.1, 3.2 and 3.3). There would have been no cause 
for alarm if the. annual growth in imports was only of such a magnitude 
as to be balanced by the annual growth in exports. This has not been 
the case. The British export growth rate has been much below the 
world average and also below that of countries who are its main 
competitors. 
3.4.3. EXPORT AND IMPORT PATTERNS 
British exports of manufactures to the rest of the world between 
1955-65 rose at an average of 4.4% per annum convared to West Germanyt s 
11.1%, United States 5.5% and Japants 14.5% (31). During this period 
the growth rate of the main manufacturing countries, U.K., those of 
E.E.C. - West Germany, Benelux Countries, France and It~ - Sweden, 
Switzerland, U .S., Canada, and Japan combined rose by 8.5%. M.a.nufac-
tures here refer to chemicals, textiles, base metals and miscellaneous 
metal manufactures, iron and steel, machinery and transport equipment, 
non-electrical machinery, transport equipment and other manufactures. 
Fig. 3.4 indicates export growth trends between 1955-65 for all the 
main industrial countries. Table 3.11 indicates the actual growth 
(See Figure 3.4.) 
figures in the same period. / In ·1951, Britaint s share of export of 
manufactures to the rest of the world was 21.3%, while that of Germany 
was 9.7%, and that of U.S. 25.6% (32). Betwe.en 1954 and 1964 Btitaint s 
average share was 14.2%, of Germany 19.7% and that of U.S. 20.4% (33). 
There has been a consistent drop in Britaints share over the last 15 
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TABIE 3.11 
EXPORTS OF MANUFACTURES BY THE MAIN MANUFACTURING COUNTRIES 
Percent§ge changes on a ;y:ear earlier 1955 
EXPORTER 1955 1956 1957 \ 1958 1959 1960 1961 1962 1963 1964 1965 1965 
i 
U.K. +10.2 : +10.1 + 5.2 - 2.1 + 5.2 + 6.4 + 4.6 + 2.2 + 6.9 + 5.6 + 8.1 4.7 
West Germany +18. 7 1 +20.4 +18.2 + 4.1 +11.6 +16.8 +10.6 + 4.7 +10.0 +11.5 +12.9 11.0 
U.S.A. I +11.3 i 
! 
+16.8 +11.1 - 9.8 + 1.5 +17.8 + 0.1 + 5.1 + 5.3 +18.7 + 5.4 5.5 
Japan +25.6 ! 
I 
+25.1 +16.4 - 1.1 +20.8 +18.8 + 4.5 +15.6 +13.0 +23.4 +28.1 14.5 
j 
! 
Source: Board of Trade Journal, 18th November, 1966; from Table B2. 
------------------- -- ------
years. Various explanations have been forthcoming for this perfor-
mance. One argwnent which used to be put forth was that the rate of 
market growth for commodities exported by the U.K. was slow. A Board 
of Trade study in 1957 (34) showed that be.fore. 1955 this may have be.en 
true. However, another Board of Trade. study carried out in 1965 (35) 
showed British loss of export dUe to area - commodity pattern of only 
0.36% points compared to a total loss in share of 6.46% points. In 
each study the methods to seek explanation for Britaints loss of exports 
were different. 
The fastest growing markets were those of the industrial countries, 
particularly the O.E.C.D. countries of Europe. Between 1955 to 1965, 
Britain had an average export growth rate of 8.5% to industrial countries, 
while all other countries had 12.1%. British exports to primary pro-
ducing countries rose at the rate of 3.5%, while for all other countries 
it was 5.4% (36), indicating that Britain not only lost her exports to 
others in industrial countries but also to primary producing countries. 
West Germany has done far better in its export performance during the 
same period as also has Japan. Table 3.12 indicates the rates of 
growth of exports to industrial and primary producing countries as well 
as to others of U.K. and U.S.A., West Germany and the other manufactur-
ing countries between 1954 and 1964. When looking at export growth 
rate of commodities Britain comes out ver:y nmch behind West Germany 
(see Table 3.13), which has done remarkably well with a 12% rate of 
growth for export manufactures. 
which Britain tops the Germans. 
There is not a single commodity in 
A variety of explanations are given for Britaints lack lustre per-
formance in the export field by economists and politicians. They 
range from poor deliver:y dates, high prices, bad after sales service, 
poor salesmen, no incentive for exports to poor overall export marketing 
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TABIE 3.12 
GROWTH RATES PER CENT PER ANNUM TO 
VARIOUS MARKETS (1954--64) 
I 
Markets U.K. West iUS A . other Manufac-Germany I .•• : turing countries 
Exports to Industrial I 
Countries. 8.2 13.6 I 8.1 11.3 
Exports to Primary 
Producing Countries. < 2.0 8.1 3.1 4.9 
Exports to North 
America. 6.0 14.1 4.4 7.8 
Exports to European I I O.E.C.D. 8.8 13.4 I 11.2 12.6 
I 
Exports to World. 4.5 I 12.0 5.6 8.5 
Source: Board of Trade Journal 18th November 1966, 
from Table B4 (pxv). 
TABLE 3.13 
GRCWTH RATES PER CENT PER ANNUM OF COMMODITIES 
TO VARIOUS MARKETS TO WORLD 
(1954-64) 
Commodities From From From From main manufac-U.K. West Germany U.S.A. turin,g Countries 
1) Chemicals 6.4 11.8 7.8 9.0 
2) Textiles 2.2 7.9 1.8 4.3 
3) Base metals and 
metal manufac- 3.5 10.3 2.1 6.5 
tures. 
4) Iron and Steel 3.7 12.6 -2.3 7.0 
5) Machinery and 
Transport 6.1 13.5 5.8 10.1 
Equipment 
6) Non-electrical 8.3 13.2 8.2 il.O machinery 
7) Electrical 5.6 12.7 6.7 il.3 machinery 
8) Transport 3.8 14.3 1.5 8.4 Equipment 
9) Other 5.3 i 12.0 6.8 8.9 inanufactures 
Total manufactures 4.5 12.0 5.6 8.5 
Source: Board of Trade Journal 18th November 1966. From Table B4 p(xv). 
strategy. There must be something of a.J.J. this lacking in some form 
or another if Britain's record so far is to be believed. U.K. prices 
have risen betwe.en 1954 - 64 more than that of her competitors and 
this according to one economist may have been partly responsible for 
the loss of exports (37). Obviously a.J.J. losse.s cannot be explained 
by the price factor alone. Inability to deliver the goods on promised 
dates, after sales service being in the hands of inefficient local 
agents leading to a tarnishing of companies' reputations, lack of 
adequate financing methods to cover losses in export, lack of under-
standing of special characteristics of local markets overseas have a.J.J. 
contributed to this poor export performance. This leads us to con-
clude that in management terms, poor marketing was primarily responsible. 
A small company lacking the necessary resources cannot dabbl~ in 
export markets and jeopardise its ver,y existence unless it is assisted 
in exporting by some sort of government assistance or assistance by an 
industr,y wide marketing organization or even by a bigger company. 
Inflationar,y tendencies in the U.K. have also been responsible in 
creating a boom in home consumption which has led to vital export pro-
ducts being channelled to the home market. Higher demand has also 
led to an increase in the import bill due to the buying of raw materials 
as well as machiner,y from abroad. So companies have not had to exert 
themselves in striving to go into unexplored overseas markets as they 
could survive profitably and more easily by selling in home markets. 
It is only when there is a slump in the home market that companies look 
for overseas markets to get orders for using their excess production 
capacity. Any economic strategy that aims to correct the balance of 
payments to a surplus cannot ignore this fact and so has to contain 
elements to promote exports by introducing fiscal incentives like 
assisting in finance of export operations, tax concessions on foreign 
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exchange earned and assistance from goverrunent agencies to survey 
overseas markets. Some of these things are being done but export 
rebates have been taken off since devaluation, which natur~ has been 
the biggest boost for exporting. 
The import side does not present a glowing picture either. Imports 
have been rising at a faster pace than exports. It is not essential 
imports that give room for anxiety. Between 1950 and 1964 overall 
imports have risen by ll2%, while imports of manufactures largely for 
further processing have risen by 200% and imports of finished manufac-
tures have risen by 234%. During this period exports rose by only 
about 97% (38). During the same period, what can be termed as essential 
imports - food, drink, and tobacco; basic materials; fuels; - have 
increased by only 65.3%. Food, drink and tobacco imports have risen 
by 74%. Table 3.14 shows Britain's external trade with particular 
reference to the import statistics. The food imports have been fairly 
regular over the years and have been consistent with population growth. 
The imports of manufactures and manufactures for further processing are 
the ones that have been rising at an alarming rate. An N.E.D.C. study 
(39) in 1965 showed that this disease of rising imports of manufactured 
goods was not Britain's alone but was prevalent amongst most of the 
trading nations. 
rose as follows: 
Between 1957 and 1963 their imports of manufactures 
U.K. 16.1% to 27.7% 
U.S.A. 27.8% to 40.7% 
West Germany 20.6% to 38.3% 
France 22.4% to 43.3% 
Italy 23.5% to 40 % 
Britain's rise does not look all that prominent compared to othe.rs. 
With the creation of economic units like E.E.C. and E.F.T.A. trade 
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TABIE :2.14 
EXTERNAL TRADE {U. K. } 
VALUE OF TOTAL IMPORTS (c.i.f.) (FM) . VALUE OF U.K. VOLUME I AVERAGE VALUES EXPORTS 
. 
, ! i Index Numbers Aver@:ge 1228 = 100 Total : Food & drink Basic ~ Manufactures ! Finished 
, TOTAL (inc. Total I U.K. ! Total i Total (inc. . & tobacco ! Materials . Fuel for further . Manufactures • YEAR parcel: processing Import) Invorts ! Exports ! Imports Exports, (£M) I post i 
1950, 2598 1017 914 197 . 350 103 2160 85 78 89 76 
1951 3892 1282 1520 316 : 636 140 2566 127 87 119 90 
1952 3465 1196 1143 339 : 581 187 2567 144 80 116 96 
1953 3328 1304 1055 313 : 445 196 2558 103 86 103 93 
1954 3355 1314 1026 329 512 169 2650 98 87 103 93 
1955 3860 1424 1121 408 689 206 2877 116 97 106 94 
1956 3862 1434 1099 414 670 234 3143 143 97 107 97 
1957 4044 1478 1165 466 656 268 3295 130 100 108 100 
1958 3748 1489 906 439 599 304 3176 142 100 100 100 
1959 3983 1519 946 467 662 377 3330 131 104 99 101 
1960 4541 1540 1080 480 908 517 3555 142 109 100 103 
1961 4395 1484 1009 482 846 556' 3681 158 III 99 105 
1962 4487 1569 925 533 842 601 3791 157 ll3 98 106 
1963 4813 1678 991 562 917 651 4081 154 120 101 107 
1964 5513 1773 1116 591 1170 834 4254 156 123 104 109 
Source: The British Economy - Key statistics 1900 - 1964 The London and Cambridge 
Economic Service by the Times Publi~hing Company Ltd. 
amongst cOWltries within these Wlits has increased because of lifting 
of trade barriers. With the easing of trade restrictions Wlder the 
agreement reached at Geneva at the Kennedy ROWld of talks this trend 
will probably continue. Easing of trade restrictions between all 
nations is to the good of the world commWlity. The snag for Britain 
has been that it has had to contend with the balance of payments 
problem. Except the U.S., others have not had this problem. The U.S. 
case of course has to be. treated differently because. of the. structure 
of the U.S. econoIDlf and the existence of a big market as well as 
abWldant natural resources and their non-dependence on imports as much 
as Britain. As Coppock (40) has shown Itin terms of volume imports 
have grown more rapidly than exports and G.D.P. Secondly; in terms of 
values imports grew less rapidly than exports or G.D.P. The difference 
between volume and value growth rates of exports and imports is 
accounted for by the improvement in the terms of trade at 2% per annum 
over the full period. 1t From Table 3.15 it is very clear that both in 
terms of value and volume. the imports of manufactures has be.en the 
critical factor as regards overall imports and has been one of the 
prime causes for the recurring balance of payment problems. According 
to opinion of users as presented in the N.E.D.C. report (41), prices 
were a very important factor for consumer goods that were imported. 
Performance and design were important factors as to why industrial goods 
were imported • In the field interviews conducted amongst machine tool 
. users for this research work, these factors were generally mentioned. 
In addition the after sales service was good and some of the overseas 
machine tool makers kept a tab on their important customers by regularly 
checking on the machine tools they were using and studying how their 
future requirements could be met. With regard to German and Swiss 
machine. tool industries, this was mentioned a nwnber of times and the. 
export records of these two countries in terms of their machine tool 
production shows how good marketing has succeeded. Shortage of 
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capacity in boom period has also contributed to industrial goods 
makers losing to overseas sellers who have been able to supply from 
stock when some of them were themselves involved in economic slwnps at 
home. Japan and others including Britain have done, well in their 
machine tool sales in the last two years to the United states, where 
lead times for deliveries were increasing and manufacturers were, unable, 
to cope with the machine tool demand on short delivery dates. 
A fairly detailed look at the British export-import picture has 
been necessary to identify the causes for the slowing down of export 
growth as also the acceleration of imports, particularly of manufacture,d 
goods during the last 15 years. The ability to export a wide variety 
of manufactured goods in world markets indicates innovation strength 
which is very vital for success in con:q:>etitive international markets. 
This pron:q:>ted a comparison to be made be,tween British performances and 
those of its main competitors of whom Germany and Japan have done 
particularly well at Britain's expense. Obviously failure in marketing 
has been Britain's problem. Under marketing here, we encon:q:>ass every-
thing ranging from price policies, quality and design of products to 
suit customer requirements, delivery dates and after sales service. An 
aggregation of failures on any of these counts for all exporters explains 
the retardation of Britain's export growth in the last decade. Had not 
Britain imported so much of manufactured goods in addition, the export 
figures would have looked rosier. 
With this picture of external trade when one considers that Britain 
is third in the league of big spenders on R and D, the failure takes on 
an added dimension. In addition to the failure in marke:ting, there has 
been a failure in innovation. R and D expenditure rOSe from £300 m. 
in 1955 - 56 to £477.Sm. in 1958 - 59 to £657.7m. in 1961 - 62 and to 
£771.4m. in 1964 - 65 (see Table ~)8). In the ten years from 1955 it 
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TABLE 3.15 
U.K. IMPORTS. EXPORTS AND G.D.P., AVERAGE ANNUAL GROWTH RATE (%) 
FOR SELECTED PERIODS 1953 - 64 
Exports f.o.b. value 
Imports f.o.b. value 
G.D.P. current prices 
(expenditures) 
Export volume 
Import volume 
G.D.P. 1958 prices ( expenditure) 
Imports manufactured value 
Imports manufactures volume 
Imports non-manufactures value 
1952-55 
to 
1956-60 
4.9 
3.5 
6.4 
3.1 
4.1 
2.4 
7.6 
8.7 
1.8 
1955-60 
to 
1961-64 
3.9 
4.4 
5.8 
2.8 
4.4 
3.0 
10.2 
9.5 
1.4 
Source: Prest A.R. A Manual of Applied Economy 
(Table 3.5 p. 126). 
1952-55 
to 
1961-64 
4.4 
4.0 
6.1 
3.0 
4.3 
2.8 
8.9 
9.1 
1.6 
rose by 158%. Without any comparable spending on R and D the 
Germans and the Japanese have. managed to do well in the world market. 
Their marketing therefore must be very strong indeed and they are 
getting more value for the money they spend on R and D, obviously. 
This leads to the conclusion that R and D management is poor in 
Britain. There is a need to exercise greater control on proje.cts and 
duplication has to be cut out ruthlessly. TIle Ministry of Technology 
is now responsible for R and D and there is an awarene.ss that research 
needs to be be~ter managed as expenditure is escalating at a furious 
pace. TIlere is a need for industry to do research based on marke~ing 
considerations and for government to channel its funds for objective 
oriented research. 
It brings us back to the criticality of the technological decision 
- a coupling of R and D and marketing to better utilise scarce 
resources. All of Britain's competitors are envisaging spending a 
greater percentage of their G.N.P. on R and D in the future as they 
try to close the. technology gap that exists between themselve.s and the 
United states, having come, to realize the importance of R and D in a 
nation's growth. For Britain it is a warning that competition in the 
world market is going to be hotter and the. onus is on her to try to 
close what can be. termed the innovation and marketing gap if she wants 
to incre,ase her share or even keep it up. So government and com-
petitive pre,ssures are bound to increase in the next decade and the.re,-
fore companies will try to reorganize themselve,s into units that are 
viable to combat the pressures on them. to do well. This calls for 
better short term as well as long range planning both for industry and 
government. 
Government should lay down yardsticks with regard to export targets 
and import volume. If R and D is encouraged, assisted and better 
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managed innovation is bound to result, reducing the present level of 
imported manufactures and also increasing the export potential of 
products, leading to an overall increase in the level of exports. This 
reduction in imports and marginal increase of exports will be the gain 
from irmovation. In addition, if export marketing is given the due 
recognition it needs by industr,y and government assists with creating 
the right economic climate which favours export oriented companies 
there will be additional sales overseas for all manufactured goods. 
This extra gain obtained by better marketing will be augmented by the 
gain due to irmovation. The important thing for both industr,y and 
government is to set targets and work towards achieving these objectives. 
Government and industry must co-operate if the right technological 
decisions have to result to benefit the countr,y. Government must 
create the right environment for industr,y to generate a high volume of 
exports and if government is forced by circumstances to adopt unpopular 
policies, it is a measure of management's capability if it continues to 
do well in spite of the constraints. An understanding of each other's 
problems is also necessary. Decision makers are operating under con-
straints all the time. At time.s the pressure is great and at times it 
is slack. A company that turns in a uniformly good performance at all 
times shows the flexibility of its managers to make the right decisions 
and adapt their company's policies to a changing environment. 
what all decision makers in industr,y should try to achieve. 
SUMMARY 
This is 
This chapter shows that government and competitors significantly 
influence decision making in industry. Government in its capacity to 
manage the economy decides on certain policies, which transcend down to 
affecting all industries in some form or another. Decision makers 
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have also to keep an eye on competitors both external and internal 
for information on their policies. Information on internal competitors 
may be available but on external ones, it may not be easy to come by. 
Since innovation is an important selling factor in the world market, a 
line on this can be obtained by studying the countries' R and D 
policies. R and D policies coupled with performances in the world 
market are a pointer to the country's technological capability and hence 
the correctness of its technological decisions. A case stuqy on 
International R and D Comparisons with export import patterns was under-
taken to stuqy Britain's technological capabilities vis a vis others. 
The conclusion was that for the R and D commitments that Britain under-
takes, the export-import performance was not very representative. There 
has been an innovation and marketing gap which can be rectified by the 
government allocating R and D funds to viable commercial propositions 
rather than on projects with doubtful market validity. 
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CRAPIER 4 
NATIONAL PERFORMANCES AND THE ENVIRONMENTAL STRUCTURE 
4.1. OTHER GOVERNMENT ACTIONS 
The research and development efforts of countries whose level of 
technological know-how is superior to that of Britain's, U.S. and 
Russia, or is nearly equal to that of Britain's, West Germany, Japan, 
France, were looked at to study the implications that they will have 
on decision making in British industry. There is a tendency in all 
these countries to look more closely at R and D commitments and to 
develop cost consciousness to cut out waste and duplication. Ratios 
of R and D Expenditure to GNP are increasing nationally as also are 
the ratios of R and D Expenditure to Sales, and R and D Expenditure to 
Profits amongst companies in these countries. All this can have 
repurcussions on managers in British industry who will themselves have 
to convince their top management that they should follow suit. A sus-
tained national R and D effort properly directed should promote product 
irmovation in an advanced technology environment. Proper direction 
here refers to allocation of funds to viable commercial propositions 
rather than prestige products with doubtful market potential. Good 
products should sell not only in home markets but also in world markets 
if they have an edge over competitive products in terms of sophistica-
tion. This extra sophistication can only be achieved if the products 
are backed by superior research. If the export performance in the 
last decade is anything to go by, Britain with a heavier R and D commit-
ment has been steadily losing ground to Japan and West Germany, who have 
been committing much less on R and D. However, they have directed 
their research to achieving economic objectives. Maj or share of 
Britain's R and D funds go to ~efence, aerospace and electronics 
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industries. The. aircraft industry though has done remarkably well 
in producing very sophisticated aircraft at regular intervals and has 
certainly used its R and D expenditure effectively. The failure in a 
number of instances has been the non-realization that a limited market 
potential does not warrant high development costs on a project or 
product. The unit cost shoots up to a prohibitive level. If the air-
craft industry were to concentrate on developing passenger planes with 
the majority of its resources rather than military hardware, a be.tter 
balance would result in the right technological decisions. The fall 
out from aerospace research helps other industries to a limited extent. 
There is definitely a case for directing R and D funds to industries 
with an export growth potential. 
The whole idea of looking into export-import performance of 
different countries and their R and D policies was to bring out the. 
pressures on British Industry due to competition. Balanced R and D 
policies coupled with superior marketing abilities have proved success-
ful in the discriminating world market. Th~ pressure due to competition 
in the world market has been particularly severe on British industry in 
the last decade, particularly after 1955. After the war, Germany and 
Japan found that most of their industrial capacities wer~ destroyed and 
so they had to rebuild the whole edifice of their industrial structure. 
Thus after the war and in the early 50s, Britain did fairly well in the 
export markets relative to these two countries. However, with this 
new wave of industrialisation bearing fruit, these two countries 
entered the export field in a big way. 
Britain was affected particularly because she was slow to realize 
the strength of this new competitive force in the environment of 
British Industry. Poor forward planning and failure to monitor 
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environmental changes reaJJ.y caused Britain to lose its share of the 
world export market in a number of commodities. 
In addition to competition as generated by policies of various 
countries and their companies, actions of the government also have a 
profound effect on industrial decision making generally. 
This refers to actions like the creation of fiscal incentives to 
promote productivity by helping with generous allowances on investment 
in modern machinery and plant as well as helping with development funds 
for new products or new technology. In the latter case Government is 
using its resources correctly only if the technological and financial 
equations are well balanced. other government actions like altering 
the bank rate, changing rebates for exports, hire purchase restrictions, 
tax changes like the introduction of the Selective Employment Tax, 
increase in corporate taxation, prices and incomes policies, Restrictive __ ~ 
Trade Practices Act, Mergers and Monopolies Act have all their effects 
on industrial decision making. The constraints on decision making 
seem to increase all the time from government sources. That is why it 
is felt that changes in the environme.nt due. to government actions is 
bound to increase the pressure on decision making systems until the 
government ts economic objectives are being met both in the. long term as 
well as in the short term. Government actions are th~ result of 
pressures in the national economic system. The pressures are both 
from internal as well as from external sources. To overcom~ pressure 
from external sources, Government has to take. actions which may affect 
the internal system. This may lead to internal re-organization, which 
again could lead to a conflict of objectives in some cases. An example 
is the present day wave of merging of companies on the one hand and 
Governmentts aim not to let monopolies exist on the other. Ideologies 
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apart, government policies should take the future into consideration. 
Competition from giant foreign companies with vast resources can only 
be met by companies of. a s:iJnilar genre in Britain. That is why the 
Government created the IRC, which has already set the pattern by 
promoting the GEC-AEI combine as also the integration of major computer 
makers in the. U.K. - English Electric and Elliot Automation, Plessey 
and ICT - by forming International Computers Ltd. The Government 
has also got a stake in the new company. The company has been formed 
with the realization by all parties concerned that horizontal and 
vertical integration was the answer to wasting resources by duplication 
and challenging American competition both in home and overseas markets. 
other Government actions that have affected decision making in 
industry in the past will be discussed after considering the character-
istics associated with the consumer goods and capital goods industries. 
These two along with the Government can be te.rmed to constitute the 
environmental structure and to form the basic framework to consider 
decision making in decades 1950-60, 1960-70 and 1970-80. 
4.2. THE INDUSTRY SECTOR AND G.D.P. 
Before venturing to study each of the three sectors, we look at 
the relative importance of industry sector in the Gross National 
Product of the U.K. The manufacturing section contributes nearly a 
third of the G.D.P. Table 4.1 shows the G.D.P. and how it is made up 
{r'om expenditures in each of the areas. The. others which make signi-
ficant contributions include the Distributive trades and the 
miscellaneous services. Table 4.2 indicates the growth in each of 
the.se areas by giving index nwnbers of output with the 1958 base. as 100. 
The fastest growing area is the Gas, Electricity and Water, followed by 
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TABLE 4.1 
GROSS DOMESTIC PRODUCT BY INDUSTRY 
(m) 
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 
l. Agriculture, 801 823 863 873 879 915 955 992 986 1022 1056 Forestry, Fishing. 
2. Mining and Quarrying. 589 679 710 713 678 675 695 730 735 732 726 
3. Manufacturing 6163 6504 6890 7003 7455 8168 8423 8537 8994 10067 10805 
4. Construction 977 1100 1127 1179 1252 1388 1511 1672 1787 2076 2224 
5. Gas, Electricity & Water 401 444 473 524 570 617 675 740 832 915 1041 
6. Transport & Communication 1418 1558 1645 1598 1688 1957 2028 2119 2280 2437 2615 
7. Distributive Trades 2150 2274 2374 2435 2584 2772 2888 3034 3184 3424 3688 
8. Insurance, Banking, 
Finance. 500 501 524 566 627 684 767 840 910 956 997 
9. Ownership of Dwellings. 557 593 636 763 833 902 967 1024 1106 1176 1275 
10. Miscellaneous Services 2442 2632 2783 2920 3187 3474 3935 4131 4501 4765 4910 
11. Public Admin. and 1011 1117 1158 1220 1262 1323 1384 1462 1548 1662 1791 Defence. 
GDP 16801 18191 19273 2m9~ 21122 22525 24099 2~121 26637 28646 30431 
SOURCE: N.I.B.B. H.M.S.O. (1966). 
-------------------------------------------------------------------------------------------------------~ 
TABlE 4.2 
INDEX NUMBERS OF OUTPUT AT CONSTANT FACTOR COST 
1228 = 100 
1955 1956 1957 1958 1959 1960 1961 
Average 
1962 1963 1964 1965 Yearly 
Increase ~ 
l. Agriculture, 95 100 102 100 104 ill ill 115 120 125 130 2.6 Forest~ and Fishing. 
2. Mining and Quarrying 105 105 104 100 97 94 93 95 95 95 92 .58 
3. Manufacturing 100 99 101 100 106 115 115 115 120 130 134 3.38 
4. Construction 96 101 101 100 106 ill 120 121 121 135 138 3.2 
5. Gas, Electricity, Water 88 92 96 100 103 110 116 125 133 137 145 5.33 
6. Transport and 99 101 101 100 104 110 112 113 117 124 129 2.4 Comrrrunication. 
7. Distributive Trades 95 96 98 100 106 110 113 113 117 121 124 2.6 
8. Insurance, Banking 92 92 96 100 110 116 120 122 128 137 140 3.69 
and Finance. 
9. Ownership of Dwellings 94 96 98 100 102 104 106 108 110 112 114 1.3 
-
10. Miscellaneous Services 97 97 98 100 103 108 III 112 116 125 126 2.08 
11. Public Admin. and 
Defence 107 106 104 100 98 97 97 97 99 100 101 -0.3 
GDP 97.5 98.4 100.1 100.0 104.5 110.1 112.1 113.5 117.3 124.3 127.7 2.7 
SOURCE: National Income Blue Book - H.M.S.O. (1966) • 
Insurance, Banking and Finance and Manufacturing, and the slowest 
growing area is Mining and Quarrying which had 4.2% of the GDP in 
1950, 3.5% in 1958 and 2.7% in 1964. By the same token, the contribu-
tion of the manufacturing sector increased from 33.5% in 1950 to 34.9% 
in 1958 to 36.5% in 1964. Gas, electricity and water rose from 2.0% 
GDP in 1950 to 2.6% in 1958 and 2.9% in 1964. The important thing to 
note here is the maj or contribution of the manufacturing sector to the 
growth in national income. 
Table 4.3 gives a breakdown of each of the areas in the manufac-
turing sector with 1958 base = 100, so that growth in each of these 
areas can be obse.rved. The growth has not been uniform in all cases. 
Food, drink and tobacco show a steady growth. Most of its products 
are prime necessities of life. Rising income has not contributed to 
any significant increases in its share. They have obviously drifted 
on to other secondary needs. The chemicals and allied industries 
has been the fastest growing sector at an average of 5.7% annually. 
Nearly half of its output consists of raw materials and is therefore 
subject to changes in the overall industrial activity. It has some. 
of the fastest growing products including petroleum products, plastic 
materials, pharmaceuticals and organic chemicals. Other industries 
have substituted chemical industry products to replace existing parts. 
Me.tal manufacture has grown less slowly (2.92% annually) since 
1950. Iron and steel constitute the biggest portion of this sector 
and this probably explains why the growth has been so slow, mainly 
because of the slower growth of steel using industries like ship-
building, coal and railways. Substitution by alternative metals may 
also explain the slow growth. 
Next to the chemical industry the fastest growing sector has been 
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TABIE 4.3 
INDEX NUMBERS OF OUTPUT AT CONSTANT FACTOR COST 
1958 
(MANUFACTURING) 
1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 Average Yearly 
Increase 
% 
1. Food, Drink & 82 85 87 90 91 94 96 98 100 104 107 110 112 115 118 121 2.6 Tobacco. 
2. Chemicals & 69 73 69 73 87 92 96 100 100 1ll 123 125 129 138 151 158 5.72 Allied Indust. 
3. Metal Manufacture 87 92 95 93 99 107 109 110 100 104 121 lJ4 108 113 128 134 2.92 
4. Engineering and 75 80 80. 83 89 98 96 99 100 105 113 lJ4 115 119 128 133 3.9 Allied Industries 
5. Textiles, Leather 1ll 108 93 108 110 109 108 108 100 107 113 1ll 109 112 119 121 0.72 and C1othigg. 
6. Other Manufactur- 82 87 78 85 95 101 98 100 100 108 118 119 120 125 112 142 3.8 :ing 
7. Total 82 86 83 88 94 100 99 101 100 106 115 115 115 120 130 134 2.38 
SOURCE: National Income and Expenditure. H.M.S.O. 1966 (Blue Book). 
engineering and allied industries. Electrical and mechanical 
engineering industries are included in this sector and are terribly 
prone to be af'fected by Government actions. Investment decisions of 
nationalised industries, defence spending and hire purchase retrictions 
af'fect this a great deal. The electrical engineering industry has 
been the faster growing of the two and the rapid increase in the use of 
electricity has created a market for heavy electrical equipment. In 
addition, electronics industry has been growing at a very fast rat~ to 
boost up the electrical engineering sector. Compared to this the. 
mechanical engineering sector has been slow growing due to user 
industries of plant and equipment having been themselves slow in growth 
and the level of investment among them has not been high enough. 
Fluctuating demand conditions af'fect mechanical engineering industry 
considerably • The machine tool industry is one that has been af'fected 
a great deal by a slowing down of the investment expenditure. . Ship-
building has been most af'fected by Japanese competition and from being 
a major contributor to the growth of the engineering sector has been 
slow in growing since 1956. Automobile production helped by motor car 
ownership both here and abroad has contributed very significantly to 
the overall growth rate of the engineering sector. The automobile 
industry is on~ of the biggest export earners for Britain, easing of HP 
restrictions and reduced purchase tax in 1960 has increased car sales. 
The automobile industry's investment plans af'fect all other engineering 
industrie.s. An increase in car production increases the demand for 
I 
production systems like machin~ tools. 
The textile, leather and clothing industries have been af'fected by 
foreign competition from Japan, East Europe, Italy and other Asian 
countries. Th~ development of man made fibres though has led to a 
recovery in the. fortunes of traditionally textile industries who process 
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the material. Leather has also been affected by foreign competition. 
Amongst other manufacturing industries are paper, packaging 
materials, rubber products, building construction materials, cement, 
glass, bricks, etc. The overall growth rate of these industries has 
been faster than the 3.3% growth rate of all manufacturing industries 
-,Figs. 4.1 show graphically the pattern of growth in each of these 
industries. Taking 1958 base as = 100, they give a clear picture of 
growth before and after 1958. 
The same trend appears in all other advanced countries with the 
chemical industr,y growing the fastest followed by metal manufacture, 
electricity and gas, wood and paper. 
4.3. THE THREE SECTORS SHARE OF DOMESTIC EXPENDITURE 
The relative importance of each of the three sectors, consumer 
goods industries, capital or industrial goods industries and Government 
can be looked at by studying national expenditure records in Britain 
since 1950. Table 4.4 shows total domestic expenditure at market 
prices, consumer expenditure, public authorities current expenditure on 
goods and services and gross fixed capital formation. Amongst consumer 
expenditure are expenditures on non-durables and expenditure on durables. 
Amongst non-durables are food, drink, tobacco, fuel and light, clothing, 
books, newspapers and magazines, petrol, etc., while motor cars and 
motor vehicles, furniture, radio and television sets, washing machines, 
etc., come under the categor,y of durable goods. Included in the public 
authorities' current expenditure on goods and services are defence both 
civil and militar,y, roads and public lighting, employment and services, 
transport and communication, research, public health services, social 
services like education, national health service, child care and . 
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TABLE 4.4 
U.K. TOTAL DOMESTIC EXPENDITURE CONSUMER EXPENDITURE PUBLIC AUTHORITIES EXPENDITURE AND 
GROSS DOMESTIC FIXED CAPITAL FORMATION 
Total Domestic Consumers Expenditure Public Authorities Domestic Gross Fixed 
Expenditure at Current Ex:p. on Goods Capital Formation 
Market Prices 1955 and Services ' 
(1) £M Prices £M % of (1) £M % of (1) £M % of (1) 
1950 13013 1309S 9461 71.5 2062 15.6 1700 12.9 
1951 15102 12919 10215 6S.0 2423 16.1 lSS9 12.6 
1952 15S05 12S55 10766 6S.0 2SS3 lS.2 2106 13.3 
1953 169S4 13433 11475 67.5 3025 17.9 2359 13.9 
1954 17S76 13979 12160 6S.1 310S 17.4 2552 14.3 
1955 19407 14543 13107 6S.2 3171 16.5 2S29 14.7 
1956 20611 14672 13S21 67.0 342S 16.6 3103 15.21 
1957 217S0 1497S 145S2 66.5 35S5 16.5 33S1 15.6 
1955 2262S 15365 16365 67.7 3673 16.2 34S5 15.4 
1959 23992 16075 16160 67.4 3920 16.4 3736 15.6 
1960 25S43 16724 26963 65.6 4164 16.1 4120 15.9 
1961 27300 17113 17S62 65.4 4499 16.4 4615 16.9 
, 1962 2S516 17463 lSS93 66.2 4S24 16.9 4726 16.6 
1963 30252 lS2S2 20049 66.3 50S2 16.S 4S9S 16.2 
1964 33201 lS970 213S0 64.2 5377 16.2 5S2S 17.5 
1965 35204 19254 2270S 64.5 5SS6 16.7 6252 17.75 
SOURCE: N.I.B.B. H.M.S.O. (1966) 
national assistance, finance and tax collection, etc. Expenditure on 
vehicles, ships and aircraft, plant and machinery, dwellings and other 
new buildings and works come llllder the category of gross fixed capital 
formation. Capital formation here includes both the private and 
public sector spending. Total public expenditure would th~refore have 
to include this public sector gross fixed capital formation as well. 
A glance at Table 4.4 indicates the growth patterns in each of 
these categories. There has been a consistent reduction in the 
consumers' share of the total domestic expenditure. 
In 1950, it was 71.5% of the total domestic expenditure, 65.6% in 
1960 and 64.5% in 1966. Public authorities' current expenditure on 
goods and services rose from 15.6% in 1950 to 16.1% in 1960 and to 17.1% 
in 1966. Gross fixed capital formation rose from 12.9% in 1950 to 15.9% 
in 1960 to 17.8% in 1966. There has certainly been a significant 
increase in investment on plant and machinery as well as dwellings by 
both the private as well as the public sectors. Figure 4'.2 illustrates 
in chart form the development of these expenditures during the past 
decade and a half. 
Consumer spending has to be viewed in relation to the level of 
personal income and the savings accrued over the years. Table 4.5 shows 
the total personal income, consumers' expenditure as a percentage of 
total personal income, taxes as percentages of total personal income and 
so also the savings. It will be seen that consumers' expenditure has 
been falling as a proportion of total income before taxes. The taxes 
have also grown gradu~ except for a period of stability between 1953 
to 1957. The growth in savings has been erratic but the most significant. 
A look at Table 4.6 indicates how personal disposal income (personal 
income-taxes) has been spent and saved. Here the consumer durables 
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TABLE 4.5 
UK TOTAL PERSONAL INCOME 2 CONSUMERS' EXPENDITURE 2 TAXES 2 SAVINGS. 
Total U.K. Total Taxes Savings before providing 
Personal Consumers' Taxes National Health as %age total for depreciation and stock 
Income Expenditure on Income Contributions Personal Income. appreciation (1) £M % £.M % of (1) £.M % of (1) £.M % of (1) 
1950 11041 9461 85.6 1022 9.27 440 3.98 13.25 129 1.15 
1951 11996 10215 85.3 1202 9.97 452 3.98 13.95 119 0.75 
1952 12803 10766 84.0 1163 9.1 476 3.71 12.81 390 3.19 
1953 13584 11475 84.5 1143 8.42 525 3.86 12.28 447 3.22 
1954 14364 12160 84.6 1269 8.85 532 3.71 12.56 407 2.84 
1955 15600 13107 84.0 1365 8.75 594 3.80 12.55 525 2.45 
1956 16764 13821 82.5 1472 8.76 642 3.83 12.59 803 4.91 
1957 17672 14582 82.5 1602 9.1 657 3.72 12.802 803 4.68 
1958 18632 15365 82.3 1746 9.35 859 4.6 13.95 658 3.75 
1959 19728 16160 81.8 1791 9.08 897 4.55 13.63 872 4.57 
1960 21239 16963 79.8 2086 9.37 913 4.30 13.67 1272 6.53 
1961 22942 17862 78.0 2269 9.88 1072 4.67 14.55 1738 7.45 
1962 24140 18893 78.2 2438 10.06 1197 4.95 15.01 1614 6.79 
1963 25567 20049 78.5 2527 9.88 1303 5.11 14.99 1666 6.51 
1964 27577 21380 77.5 2830 9.22 1444 5.25 14.47 1892 8.03 
1965 29736 22708 76.4 3390 11.4 1685 5.66 16.70 1911 6.90 
SOURCE: NIBB - H.M.S.O. (1966) 
TABLE 4.6 
UK TOTAL PERSONAL DISPOSABLE INCOME, CONSUMERS' EXPENDITURE AND SAVINGS 
Total Personal CONSUMERS' EXPENDITURE Balance Personal Savings Personal Saving + 
Disposable Income Durable Goods Inc1. Tax Other Total Am01Ult Durable Consumption 
(1} £M Amount £M As ~ of (12 £M £M £M As ~ of (1} As ~ of (1} 
1950 9579 488 5.1 8973 9461 129 1.35 6.45 
1951 10342 554 5.35 9661 10215 119 0.87 6.22 
1952 11164 579 5.2 10187 10766 390 3.5 8.7 
1953 11916 714 6.0 10761 11475 447 3.75 9.75 
1954 12563 837 6.65 11323 12160 407 3.24 9.89 
1955 13641 934 6.85 12373 13107 525 3.85 10.70 
1956 14650 884 6.2 12937 13821 803 5.58 11.78 
1957 15413 1005 6.5 13577 14582 803 5.2 11.7 
1958 16027 1175 7.3 14190 15365 658 4.1 11.4 
1959 17040 1379 8.1 14781 16160 872 5.22 13.32 
1960 18240 1420 7.8 15543 16963 1272 6.8 14.6 
1961 19601 1388 7.06 16474 17862 1738 8.85 15.91 
1962 20415 1459 7.25 17434 18893 1614 8.05 15.30 
1963 21737 1662 7.65 18387 20049 1666 7.67 1~2 
1964 23303 1838 7.9 19542 21380 1892 8.1 16.0 
1965 24661 1829 7.4 20879 22708 1911 7.75 15.15 
SOURCE: N.I.B.B. - H.M.S.O. (1966) 
expenditure has been separately shown as savings and durables spending 
must be seen in the same vein as spending in durables can be considered 
as a form of sa¥ing. It will be seen that both spending on durables 
and savings have been increasing over the last decade and a half. 
Although the share of consumer spending relative to taxes and savings 
has been falling, consumer spending as such has been increasing. 
This can be seen if we look at consumer expenditure at 1958 prices 
(Table 4.4). Except for a fall between 1950 and 1952, there has been 
a steaqy increase in consumer spending. Between 1950-55, it rose by 
11% between 1955-60 by 15% and 13% between 1960 and 1965. The annual 
rate of increase in consumer spending between 1950 and 1965 has been 
2.69%. This coupled with the fact that savings has also been rising 
indicates that level of income has been rising. The fact that savings 
were low in the early 50s indicates that there was an unsatisfied demand 
for goods due to the shortage of supply or the non-availability of goods 
following the war. It is also seen from Fig. 4.3. that when growth in 
savings is slowing down, durable goods consumption is rising. Durable 
goods consumption is very much dependent on the timing of changes in 
credit facilities and also of hire purchase controls exercised by the 
Government. The latter controls H.P. by specifying the percentage 
down payment (minimum) and the period of repayment (maximum). Government 
action here regulates the spending on durables with relaxing controls 
leading to an increase in spending and restraint leading to a slowing 
down of spending on cars, T.V. sets, washing machines and the like. 
As mentioned earlier, gross fixed capital formation includes 
investment by both the private and the public sector on plant and 
machinery and on dwellings. To get a clearer picture of public spending, 
it is necessary to include this as well as other expenditure involved by 
the Government. This is what is done in Table 4.7, where the important 
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TABLE 4.7 
PUBLIC EXPENDITURE DETAILs 
Current Exp. Gross Domestic Current Grants Net Lendirg Capital Current other Total Public Share of Military Exp. 
on Goods & Fixed Capital to Personal to Private Grants to Grants Expenses Expenditure Defence % of TPE 
Services £M Formation Sector Sector £M Private + Loans £M £M 
£M £M Sector £oM to Overseas 
Govts. £M 
1955 3171 1326 1115 56 95 102 316 61816 -t+ 1537 24.8 
1956 3428 1377 ll93 48 80 82 390 6598 (6.75) 1625 24.6 
1957 3585 1474 1252 52 66 91 470 6990 (6.2) 16ll 23.1 
1958 3673 1477 1484 20 65 98 440 7257 (3.83) 1543 21.3 
1959 3920 1592 1636 43 61 130 403 7785 (7.26) 1579 20.3 
1960 4164 1648 1653 87 74 155 492 8273 (6.26) 1630 19.7 
1961 4499 1824 1802 154 77 179 636 9171 (10.85) 1725 18.8 
1962 4824 1960 1981 88 98 183 629 9763 (6.45) 1839 18.8 
1963 5082 2130 2234 81 105 198 559 10389(6.41) 1892 18.2 
1964 5377 2575 2369 ll3 131 247 560 11372(9.5) 1988 17.5 
1965 5886 2795 2724 182 162 251 598 12598(9.75) 2095 16.6 
-t+ Figures in parenthesis indicate % annual increase in public spending. 
SOURCE: National Income Blue Book (NIBB) 1966. 
/ 
section of Government spending is identified. Government spending 
includes expenditure on militar,y and civil defence, external relations, 
road and public lighting, transport and conununications, research, 
housing and environmental services and social services, which is one of 
the big spending sectors and includes education, national health service 
and national insurance, pensions and assistance. Expenditure is 
incurred in each of these categories under different heads like current 
goods and services, capital grants to personal sector, etc. Certain 
heads are identifiable with particular sectors, for example, loans to 
overseas governments would come under external relations, while in each 
sector expenditure m8\Y" be incurred under more than one head. Table 4.7 
indicates only these main heads of expenditure. Since defence expendi-
ture comes under scrutiny whenever public expenditure is discussed, the 
share of defence expenditure in public expenditure is shown and indicates 
that the defence share has been decreasing in the last decade. The 
increase in social welfare expenditure has been brought about by 
increasing demands and this is seen by the growth of the current grants 
to the personal sector. The annual percentage increase in public 
spending is shown in parenthesis and between 1955 and 1965 the rate of 
increase has been 7.3% which is high when it is seen that the rate of 
increase of G.D.P. has only been 6.1%. Though there is a general 
clamour for de-escalating public expenditure, it is doubtful if any cuts 
can .be. achieved unless there is a critical review of each sector 
expenditure and questions relating to how the welfare state should be 
run so that substantial help goes to the needy are re-exainined. 
Objectives need re-assessment and unless this is forthcoming, it is 
felt that public spending will continue increasing at a faster rate than 
all other forms of spending. Questions of overseas and private invest-
ment abroad need re-examination and a cost benefit an~sis would 
establish how essential these expenditures are. 
71 
As this piece of research is considering the Machine Tool industry, 
there is a need to look closely at the gross fixed capital formation, 
particularly of expenditure on plant and machinery. Table 4.8 shows 
gross fixed capital formation between 1955 and 1965 and how it is dis-
tributed between the public and private sector. The private sector 
expenditure represents a major share of the total spent in capital build 
up. More than a third of this money is spent on buying plant and 
machinery by companies, public corporations, central government and 
local authorities (see Table 4.9). 
4.4. CONSUMER GOODS INDUSTRIES 
Thus far the importance of consumer goods industries to the. 
national econonv has been brought out and from another angle the signi-
ficance of manufacturing industry to increase the wealth of the country 
has be.en stressed. Consumer goods industries cover a very wide range 
of products or corrnnodities. They include manufacturing industries as 
well as service industries. Within consumer spending statistics given 
earlier are included services like insurance, domestic services, travel 
expenditure, entertainment and communication services. Though all 
these satisfy the variety of needs of the public, it is industries that 
actually make and sell a product that are considered in this work. 
The. consumer goods industries consist of companies of different 
sizes that extend from big corporations and conglomerates to very small 
units. Since products are sold to the mass public, these companies are 
in close touch with the mass populace and cater to their multifarious 
needs. They have not only to monitor people's tastes but also influ-
ence their opinion by advertisements and sales promotions. The demand 
pattern for consumer products varies with the product concerned. Every 
product has its associated characteristics and managers in industry have 
to so design, style and price their products that users are well satis-
fied with their buys. 
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TABLE 4.8 
GROSS FIXED CAPITAL FORMATION DETAILS 
1958 Prices 
Total Private PUBLIC SECTOR Total EXPENDITURE ON PLANT & MACHINERY 
Sector Public Public Public Sector Amount % of (1) 
(1) £M Authorities Corporation Amount 
£M £M £M 
1955 3150 1685 824 641 1465 1188 37.7 
1956 3296 1848 626 822 1448 1237 37.7 
1957 3471 1963 676 832 1508 1341 38.6 
1958 3485 2008 783 694 1477 1343 38.6 
1959 3768 2171 836 761 1597 1401 37.2 
1960 4132 2493 854 785 1639 1497 36.2 
1961 4524 2757 887 880 1767 1697 37.5 
1962 4499 2664 951 884 1835 1671 37.2 
1963 4575 2639 982 954 1936 1743 38.1 
1964 5347 3068 1198 1081 2279 1932 36.2 
1965 5533 3145 1252 1116 2388 2015 36.4 
Public Sector - Central Government, Local Authorities and Public Corporation 
SOURCE: N.I.B.B. (l966). 
TABLE 4.9 
CAPITAL FORMATION - PLANT AND MACHINERY 
Expenditure Companies Public Central Local Total Exp. on 
in Personal Corporations Goverrunent Authorities Plant and 
Sector Machinery 
£M £M £M £M £M £M 
1955 108 486 323 109 28 1054 
1956 104 578 316 127 36 1161 
1957 124 685 318 138 39 1304 
1958 145 691 336 130 41 1343 
1959 148 701 388 124 43 1404 
1960 155 790 401 129 43 1518 
1961 174 951 528 79 47 1779 
1962 170 932 575 43 53 1782 
1963 194 912 680 52 53 1$91 
1964 221 1054 769 41 63 2148 
1965 229 1177 838 39 64 2347 
SOURCE: N.I.B.B. H.M.S.O. (1966) • 
Decisions that managers have to make are dependent on the products 
they make, the industry in which they operate, the segment of the 
market they are trying to satisfy and the resources in terms of money, 
manpower and machines at their disposal. To supply the end:'products 
that are in demand in the market place, consumer goods industries have 
to spend a lot of money on market research. Decision with regard to 
manufacturing a product for which there is a need is made only if the 
sales volume envisaged will warrant it. Products in the consumer 
goods sector have various life spans. There are some products which 
have very short life spans while some seem to go on for ever. Here a 
distinction has to be drawn between branded products and products that 
meet functional purposes. The bicycle as a product has lasted a long 
time without very many design changes being incorporated in it save for 
certain ergonomic features being added to be able to ride it in comfort. 
Some branded products also last a life time. Examples are the men~s 
hairdressing Brylcream and Vaseline Hair Tonic, or Coca-cola. Other 
branded products compete with these and other similar products and the 
survival of these old branded products depends very much on how far 
the customers identify with them. Past advertisements and sales 
promotions, coupled with interesting messages, may have established 
the products. Many a catchy message has prolonged the life of a 
product. The same product may be sold under different brand names in 
different market segments. In other cases an old established brand 
name may be an entirely new and improved product. Here the company 
may be capitalising on a particular brand name. Marketing managers 
in addition to knowing consumer buying habits and tastes must also be 
aware of their peripheral idiosyncrasies. An example of how in a 
terribly competitive field of the automobile industry where armual 
(in the United states) or two or three year changes (U.K., Germany) in 
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car models are the order of the day, Volkswagen of Germany has per-
sisted with the same boQy style of its models for more than 20 years. 
The success of this model,'the beetle' as/~s popularly known, has 
been due to high customer satisfaction generated by what is enclosed 
within - the engine has been improved and is competitive in 
performance. The fairly successful sales of Volkswagen cars in the 
United states has also been due to their having enough sales agents all 
over the United states for spare parts for their engines. For market-
ing strategy to be complete sales and promotion campaigns have to be 
backed up with what is promised. Japan's recent entry into the 
British car market has been preceded by careful planning. So as to 
establish their products with good customer service they have started 
isolating the right agents and supplying them with spares before the 
introduction of the product into the market. Every marketing manager's 
hope is to have the RIGHT product in the RIGHT market at the RIGHT time. 
This RIGHTness is achieved only if no area of marketing which can 
enhance the product image is ignored and entry to a new market is made 
only when all the necessary marketing backing is reaQy and available. 
Once a product exudes a poor image in the minds of the public, it 
becomes very difficult for it to recover. 
Competition is so rampant in the consumer goods markets that 
increasing the company's share of its product in the market becomes an 
important objective. In many cases this may involve heavy conunitments 
for promotional and advertising expenditures. One has only to look at 
the expenditure increase on advertising in the last few years to see 
how much effort is made to make the consumer switch his brand loyalty 
(see Table 4.10.). In 1965 Britain spent £590M or 2.1% of National 
Income on advertising compared to a 1964 figure of 1398lM by the 
United States (42). Only a small proportion of this expenditure goes 
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TABlE 4.10 
TOTAL U.K. ADVERTISING EXPENDITURE 
Total Advertising Total Advt. Expenditure 
YEAR Expenditure as a %ag~ of National £M Income % 
1938 98 2.2 
1956 309 1.8 
1957 334 1.9 
1958 364 2.0 
1959 395 2.1 
1960 457 2.2 
1961 475 2.1 
1962 488 2.1 
1963 517 2.1 
1964 568 2.1 
1965 590 2.1 
SOURCE: Advertising Association. 
to promote industrial goods, the lion's share going to consumer goods 
promotion. In the U.K. advertising media that can be used by consumer 
goods makers are the press, television, poster and transport, outdoor 
signs and cinema. One of the major factors which has contributed to 
an increase in consumer spending in the last decade, particularly of 
goods that are not a primary need, has been this increased promotional 
and advertising expenditure. This stresses the importance of the role 
of marketing as advertising cannot be considered in isolation but must 
operate within an overall marketing strategy. One of the significant 
factors which has contributed to improve management decision making in 
the last decade has been the role of operational research. This tech-
nique is now being used widely to understand and explain marketing 
phenomena particularly in the United states. The presence, and the 
potential of the computer has accelerate,d the efforts towards this end. 
The works of Kuehn (43), Kotler (44), Forrester (45) and others have 
paved the w~ for an increased understanding of marketing variables and 
reduced the chances of going wrong on marketing decisions in industry. 
The consumer goods industries buy their production systems from 
industrial goods makers and in some cases make them on their own, or own 
companies who supply their requirements. Some companies specialise in 
manufacturing equipment to specific industries. An example of this is 
Molins Machine Tools which caters specifically to the tobacco industry. 
The latter makes machinery to produce cigarettes. When pressures are 
acting on a compaQY to reduce the prices of its products one place where 
its decision makers are bound to look are their own production systems, 
which can, by improved performance, reduce the unit costs of production and 
thus retain the margin between prices and costs to show profitability. In 
addition, research to improve the quality of existing products and to design 
new products is of vital importance to consumer goods industries. Research 
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into new materials may lead to cheaper unit costs by substitution of 
components. Greater standardisation also contributes to reducing the 
cost of production with the principle of interchangeability being used 
in assemb~ of components. It is only because mass production or 
batch production is prevalent in consumer goods industries that prices 
of goods in the markets are so competitive. 
The general characteristics of consumer goods industries are as 
follows: 
a) Companies of different sizes from very small 
to conglomerates. 
b) Products of all types, essential, non-essential, 
durable, non-durable and services. 
c) Products have very varied life spans. 
d) Sales and promotion and advertisement significant 
in the marketing strategy. 
e) Competition tough and so prices and styling must 
be commensurate with customer needs. 
f) Price stability can be achieved only by better 
resources management and so great efforts are made 
on buying better production systems, designs, 
greater standardisation and research. 
The effect of these characteristics is to make decision makers 
respond to situations quic~ and follow it up with management actions. 
This is true in every facet of the business. The ability of managers 
is enhanced by a clearer understanding of their company objectives and 
the peculiar characteristics of their products and matching their 
resource allocation with a greater awareness of customer wants and a 
realization that cost reduction by improved methods and materials 
ensures profitability. 
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4.5. THE INDUSTRIAL GOODS INDUSTRIES 
These are industries which produce the intermediate products which 
are needed by consumer goods industries to produce their end products. 
They range from machine tools, mechanical handling equipment, power 
generation equipment on to computers. Their products are sold to all 
consumer goods industries and also to industries concerned with 
refining, mining, chemicals, etc. The products are sold to industries 
within their own sector as well. Within this sector some of the most 
advanced technological developments are taking place as research efforts 
are paying to produce sophisticated products and processes. The 
electronics industry has been one of the fastest growing and micro-
electronics and integrated circuitry are helping to produce smaller, 
more efficient computers for commercial purposes, process control com-
puters and control systems for machine tools, aircraft control instru-
mentation systems, control systems for guided missiles and space 
vehicles. Metallurgical research is producing new metals and alloys 
to fabricate which new machines with extra capabilities are necessary 
and again research is coming to the rescue. 
Products in this sector also have short, medium or long life spans. 
Machine tools have a long life span and this is one of the problems 
that machine tool industry faces in that replacement of old machine 
tools with newer ones is slow by user industries. Where life span 
is short, it may be technological obsolescence of components which may 
make a product out of date. An example of this has been the substitu-
tion of semi-conductor devices for receiving valves. The development 
of microelectronics - result of the huge American Governme.nt expenditure 
on research - has also contributed to reduction of life span of 
products which could use them to advantage. The micro electronic 
circuits can replace conventional circuits in a number of applications. 
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Apart from being smaller, they are more reliable be.cause of the reduced 
nwnber of hand made components. One of the big problems which computer 
users have to worry about is whether their computers would go out of 
date before their full capabilities are put to use. The potential of 
microelectronics is such that the U.K. market for them is expected to 
rise from £lM in 1965 to l2M to l8Mby 1970 (46). Microelectronics 
can encroach on electrical circuitr.y all over the place making products 
associated with microelectronics grow faster. Other industrial goods 
in the mechanical engineering field like industrial engines, textile 
machiner.y, contractors' plant, mechanical handling equipment, refrigera-
ting machiner.y, heating and ventilating equipment, pumps and valves, 
compressors, food and packaging machiner.y, rolling mills and steelworks 
have a product life span ranging from mediwn to long, depending on the 
utilisation factor. 
The markets for industrial goods industries are pretty varied. 
They var,r from government to conswner industries to actual conswners, 
and to industrial or capital goods industries as well. Since power 
generation is a Government preserve, companies producing turbines, 
generators and alternators will have to take account of Government 
policies in this sphere. Refrigerators are sold to conswners and to 
hotels, hospitals, etc. Depending on their p~oduct characteristics, 
industrial goods makers identify their markets and concentrate promotion 
by advertising in connected industrial magazines and by despatching 
salesmen or sales agents to customers. 
Research is concentrated to improve product quality and wherever 
possible up to date technology is incorporated in products. The 
example of N.C. systems with integrated circuitr.y in some control systems 
with machine tools is one instance. Where it affects conswners, radios 
and radiograms with integrated circuitr.y make more compact machines and 
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in the case of TV, slinnner sets are produced. Another example is the 
use of plastics to make cabinets for a number of products. Many of 
the polycarbonate plastics have been used to substitute metal components, 
mainly aluminium die castings and steel parts, for typewriters. In a 
number of cases improved plastics are obsoleting the older plastics. 
The development of atomic energy has resulted in traditional power 
sources being replaced by atomic power, which in the long run it is 
estimated would be cheaper. The development of jumbo jets and super-
sonic transports are the results of research in materials science and 
electronics, the need for lighter metals being satisfied to give an 
increased strength/weight ratio by the former and better instrumentation 
and control systems by the latter. 
Connnercial viability is a very important factor in the industrial 
goods sector. The development of sophisticated aircraft needs Govern-
ment finance in some form. Government policies in terms of clamping 
down home consumption would affect the industrial goods sector a great 
deal as slowing down investment by consumer goods makers would slow down 
the market growth for these products. Since generally product life 
spans are medium to long, the response to typical decisions situations 
would be slower than in consumer goods industries. 
Summarising, characteristics of this sector are as follows: 
a) Companies of various sizes from small machine. shops to 
big corporations. 
b) Products are most1Jr durable and sold to consumer goods 
industries. 
c) Product life spans generally medium to long. 
d) Technical specifications of products and technical qualifications 
of salesmen important in marketing strategy. 
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e) Competition ver,y tough and products sold on functional 
features and design. Price important in some cases. 
f) Stilled workers ver,y important to this sector; workers 
laid off during a lean period may not return to 
this sector and this leads to a retention of 
stilled workers by management even at lean times. 
g) Research output ver,y mch used in this sector to impart 
quality into ongoing products wherever possible. 
A good idea of this sectorfs development has been given 
earlier when gross fixed capital formation was considered. Most of 
the money spent on plant and machiner,y comes to this sector and as was 
seen earlier this is a fast growing sector. 
4.6.1. GOVERNMENT SECTOR 
Actions by which the Government sector imposes its influence on 
decision making in industr,y will only b~ considered here. 
actions can be classified as those 
(a) with legal implications, 
(b) which affect demand, 
(c) which sponsor research and development, 
(d) which assist to help undeveloped regions 
(e) which establish agencies to aid decision 
maldng in industr,y, 
(f) which nationalise or take a Government stake 
in industr,y, 
(g) which impose ceilings on wages and prices, 
(h) which help declining industries and encourage 
rationalisation of industry to improve 
efficiency and withstand foreign competition. 
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These 
Govermnent 's role in encouraging research and development to 
promote innovation has alreaqy been stressed. A comparison with other 
countries showed that Britain's R and D commitments were huge and that 
Govermnent was funding most of the research. Since the formation of 
the Ministry of Technology and R and D coming under its wing it is 
expected that objective oriented research would be encouraged for greater 
cost effectiveness. 
4.6.2. Actions with Legal Implications 
Amongst Govermnent actions with legal implications is Company Law. 
This establishes the relations between Companies, its directors and its 
shareholders and the powers and duties of each. 
Under the Law which is in vogue now, Govermnent wants mo:rre informa-
tion presented to shareholders including sales, turnover and profits by 
activity, asset valuation, directors' salaries and contributions to 
political parties. The aim of the Govermnent to encourage more 
information to be given is obvious~ to assist would be investors towards 
profitable and better managed organizations. In the United states most 
of this information is revealed and company reports are very detailed. 
Actions which check growth of monopo~ are controlled by the 
Monopolies and Mergers Act (1965), Restrictive Practices Act (1956) 
and the Resale Prices Act ~1964). A monopo~ situation is defined as 
one where one third of the supp~ of goods is controlled by a single 
firm or group of linked firms. If the. Government thinks that in a 
particular case a monopo~ situation may exist, the Board of Trade recom-
mends a Monopolies Commission - an independent administrative tribunal 
with 25 members - to investigate ~e~her the situation is against public 
interest. Th~ Commission offers advice which the Government may accept 
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or reject. Between 1948 and 1956 restrictive practices were looked 
after by the Monopolies Cormnission, but today it is the law derived 
from the Restrictive Practices Act (1956) which is in force. Restric-
tive practices refer to situations under which two or more persons 
accept restrictions relating to the price of goods, conditions of supply, 
quantities or descriptions, processes, or areas and persons supplied. 
Co~laints are judged by a Court with 15 members including 5 judges and 
10 members well versed in business practices and agreements presumed 
contrary to public interest are declared void. 
The Resale. Prices Act abolishes price fixing and encourages com-
petition among retailers. The. idea of abolishing resale price 
maintenance is to promote efficiency amongst re~ailing organizations 
so that the consumer benefits with having to pay cheaper prices. Under 
the present law, there are escape clauses for manufacturers like the 
loss of quality that might result, reduction in the numbe.r of shops and 
price increases that might result in the long term. Generally what is 
happening at the present moment is that manufacturers reconunend prices 
at which the retailers can sell. The supermarkets and chain stores 
by way of efficient operations are able to sell goods at marginally 
cheaper prices. 
The ~act of these Government actions which operate within the 
legal framework on decision making is for corporate planners to beware 
that they are not breaking any of the laws and are operating within the 
limits ~osed. By presenting all relevant information in the right 
form, a better understanding of the. growth potential for the Co~any is 
recognized by would be investors and those with vested interests know 
what is really happening to their investments. The microscopic 
examination of facts related to the Co~any magnifies its faults and so 
decision makers have to maintain a consistently high performance rate. 
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This makes them look at their own company systems very carefully and 
deploy their resources with the greatest of care. It also makes them 
look for economies of scale not only within the company but also outside 
the company for corporate expansion and diversification, remembering all 
along that their actions have to be. weighed carefully against Government 
laws on monopolies and restrictive practices. 
4.6.3. Government Actions which Affect Demand 
Government management of demand stems from a desire to show a 
surplus in the balance of pC\Y1Ilents and to keep a low unemployment rate 
and actions that result are intended to make a switch in resources by 
both industry and Government to achiev~ this objective. 
which Government achieves this are as follows:-
The means by 
a) Alterations to the Bank Rate and limits on lending 
by Banks. 
b) Export rebates for goods. 
c) Changes in investment incentives - this is essentia.lJ¥ 
a long term measure as it is difficult to change 
investments plans in midstream. It is bound to assist 
future plans and therefore the change is bound to produce 
no short "term benefits. 
d) Changes in Government expenditure - here. again the. effect 
is going to be long term mainly because plarmed expenditure 
may have to be maintained at least for some time so that 
past promises are kept. As has been evident from the trends 
studied, Government expenditure has been risiJig all the time. 
in the past decade and a half. 
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e) Changes in taxation - this can be either direct 
taxation or indirect taxation. Changes in income tax 
lead to changes in the personal disposable income. 
available and will affect both savings and consumer spending 
to some extent. The. regulator is a frequently use.d device 
in indirect taxation whereby the Gove.rnment is empowered to 
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vary by lO~-- up or down the purchase tax and the duties on 
tobacco, alcohol and petrol. The Selective Employment Tax 
introduced in 1966 has affected se.rvice industries. 
Corporation tax is another tax which affects industries. 
f) Changes in hire purchase regulations - a higher minimum 
deposit is bound to del~ purchases of durable goods and the 
shorter p~back period means bigger monthly p~ent for con-
surners and this defers their buying unless their incomes have 
risen. This is a frequently used device by Government and 
is fairly successful in reducing spending on durables. 
The. effects of Government actions to manage demand affects long 
term plans of industry and makes them aware of the importance of 
fle.xibility in their plans. Properly drawn up plans should incorporate 
steps to be. followed for various government actions so that in the short 
term profits are not affected. Development of a long term strategy and 
a plan to achie:ve this, coupled with short term tactics to overcome any 
Government actions becomes an important element in the decision making 
function. Companies who have a fairly useful record in exporting 
generally benefit by Governmental policies, particularly when solving 
balance of p~ents problems becomes an important objective. 
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4.6.4. Government Actions to Help Undeveloped Regions 
High unemploYment in certain regions of the country makes it 
imperative for government to have some sort of regional policy to 
alleviate distress in these areas. Left to themselves industrialists 
would make their plans to locate industry purely on economic reasons. 
Government therefore creates an economic climate which discriminates in 
favour of depressed areas by loans, higher investment grants, creation 
of industrial estates and leasing at attractive rates for factory sites 
and the granting of Industrial Development Certificates necessary for 
all industrial buildings to companies interested in investing in these 
regions. This would certainly bring out a case for increased invest-
ment in these regions. It is generally felt that this should favour 
batch production industries much more than mass production low priced 
product industries. Some companies are setting up high cost machinery 
in these areas to obtain ma.xirmun benefit from investment grants. Again 
the overall economic consequences must justify investing in depressed 
regions unless management is inhibited from expanding where the present 
factory is located and is left with no choice. American companies 
have certainly made use of the facilities provided by setting up new 
manufacturing establishments, particularly in Scotland. 
The impact of Government's regional policies on decision :m.a.king 
generally concerns future strategy, particularly investment in new 
plants where extra capacity is to be built up and where the company is 
interested in using a new technology to develop new products, i.e., 
diversify into new fields. Here the advantages to be gained have to be 
balanced against any disadvantages that might obtain like higher trans-
portation costs, non-availability of skilled manpower, etc. Ultimately 
though, Government's regional policy should be considered as another 
constraint in the decision making situation and treated as such. 
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Agencies to Assist Industry. 
In a country like Britain a good industrial performance is vital 
to the national econonw. Good industrial performance can result only 
if the participants concerned, management and workers work with common 
objectives and cooperate in this venture. To promote a better under-
standing of each otherf s problems and discuss them in the presence of 
the third interested party, the Government" seemed only the. right step 
when NEDC was established. In 1964, its scope was broadened and it 
was given the task of drawing up the National Plan. The Plan as 
drawn up was a good effort but the effects of Governmentfs J~ 1966 
measures removed any chances of targets being achieved. The aim of 
the Plan was to assist decision makers in industry with some sort of 
framework for their future development. As mentioned in the first 
chapter the setting up of Economic Development Committees within NEDC 
in 1963 was another step in the right direction to aid decision making. 
The functions of EDCs as laid down in 1963 were to promote improved 
industrial performance and to provide information on prospects and plans 
for the industry in relation to national growth objectives. At present 
practically every industry has its EDC which, by providing more informa-
tion on all aspects connected with the industry and also indicating 
future potential in the light of economic and environmental changes, 
has provided industries with a lot of assistance. The EDCs are com-
posed of representatives of Government, Trade Unions and Management, 
and this helps in the industryfs real problems being given a hearing so 
that realistic plans are developed. The EDCs also have the task of 
reporting on the progress towards the achievement of the industry targets 
as laid down in the plans and to take any action on matters which may 
affect their attainment. 
The importance of NEDC and the Economic Development Committees to 
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decision making have been on the information side. By providing 
industrial targets and presenting facts with regard to the world situa-
tion and isolating factors that are critical to performance in the 
industry, a lot of information is available for companies both small 
and big to develop long term strategies. Companies will have their 
own market research reports and the EDC information can augment this 
so that planned development results. 
4.6.6. Nationalised Industries 
The electricity and gas supply industries, the railways, the coal 
industry and the steel industry are all nationalised. Wherever it is 
a question of social service which the industry provides like 
electricity, gas or railways the case for nationalisation is not very 
much debated. However, when a case for steel nationalisation is 
brought out there is a big debate and the merits and demerits are very 
hot~ contested. The 1965 White Paper (47) included the following 
reasons amongst others to bring out a case for steel nationalisation -
the size and importance of a "basic" industry; the need for rationali-
sation and reorganization into larger units to meet European and 
American competition, reorganization in the private sector would create 
private monopolies; industry was not competitive enough under private 
ownership. Although some of the nationalised companies are run as 
efficient~ as any private organization, where it is a question of 
social necessity being the most important factor efficiency takes a 
back seat. If railway lines that are uneconomical were to be scrapped, 
British Rail would perform much better rather than lose a lot of money 
each year. 
In addition to nationalisation, Government also takes out shares 
in some companies just as it is a majority shareholder in B.P. The 
recent setting up of the IRC has made Government stress the importance 
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of large companies and product rationalisation and mergers have been 
encouraged with Government taking some financial interest in smoothing 
out the merger. 
The impact of nationalisation affects decision making in both the 
nationalised industry as well as the other industries. Government's 
taking over of a company should not in any wqy affect decision making 
very much. Profits and profitability are still important. Finance 
mqy be more easily obtained and this can help in new investment and 
development plans. On other industries, nationalisation would get a 
number of their markets for products under a single organization and 
marketing therefore can be concentrated on the smaller number of buying 
organizations. As has been seen earlier the Government sector is an 
important element in the building up of Gross fixed capital formation 
and therefore the nationalised industries' buying habits need extra 
scrutiny. 
4.6.7. Prices and Incomes Policies 
The need for some sort of prices and incomes policy had been 
recognized for a very long time as one wqy to curb inflation. However, 
because of a number of difficulties nothing tangible was forthcoming 
until in December 1964 a "declaration of intent" was signed between 
Government and both sides of industry for the setting up of a Prices 
and Incomes machinery. White Papers published in February 1965 (48) 
and April 1965 (49) indicated the composition of the Board and the terms 
of reference of the Board. The Government can refer to the Prices and 
Incomes Board any questions relating to prices charged for goods or for 
the application of a process to goods or services, chains, settlements 
or questions relating to other money incomes. The Board is authorised 
under Royal Warrant to call before it such persons who can furnish 
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information relevant to the Board's enquiries and to look also at any 
relevant documents, books or papers. Government set up a 'norm' of 
3-3-~% as the average rate of annual increase per head so that increased 
incomes would not push prices up. Exceptions to the 'norm' would only 
be cases with special considerations and which were in the national 
interest. Other modifications have been added to the Bill like an 
ear~ warning system for wage increases and leg~ binding clauses are 
to be incorporated. The PIB has published a number of reports in some 
of which increase in prices or wages has been deemed as necessary, 
while in others it has recommended that increases were not justified. 
The important factor in prices and incomes policies is the produc-
tivity factor. Where increased productivity has resulted, there is a 
case for increasing wages commensurate~. 
envisaged in the new Bill. 
This it is believed is 
The impact that prices and incomes policies of the Government will 
have on industry is that raising productivity will get top priority. 
If price increases which a company thinks are absolute~ essential are 
not seen as being so by the PIB, decision makers will have to work very 
serious~ on cost reduction programmes so as to retain their margins. 
Waste will be cut out and newer production systems will be investigated 
so that the unit cost of production is reduced. In the long term, 
decision makers will have to realize that a consistent reduction in unit 
cost over a period by better methods is vit~ important so that prices 
are kept at reasonable levels in the market place. Greater effort in 
R and D will be sustained with the intention of improving methods so 
that productivity rises will result. It has to be remembered that 
where price increases are unavoidable the PIB investigation will itself 
show that it is necessary. The PIB's presence will certainly make 
decision makers look at their own systems very close~ with a view to 
increasing production efficiency. 
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4.6.8. Help to Declining Industries and Their Rationalisation 
Foreign competition has been responsible for the decline of ship-
building and cotton industries. The aircraft industry has also been 
declining due. to a change in the. requirements of its biggest customer 
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as well as financier, the Government. American competition has added 
to the pressures on the industry and the high costs of development of 
new aircraft has made it the business of companies with larger production 
units. Governments have maintained that rationalisation was the be.st 
answer to industries f problems since the late 1950s. Being the. 
dominant customer, the Government could dictate that contracts would go 
only to five re-organized groups, two for air frame, two for engines and 
one gor helicopter, and this was brought about. The Plowden Committee 
Report on the Aircraft Industry (50) recommended that the industry 
should receive no more support than any other industry and that it should 
contract in size due to changing circumstances. The Committee suggested 
that the industry should concentrate on those projects where development \ 
costs were commensurate to market prospects. Co-operation with 
European companies for new aircraft development was recommended as an 
answer to meeting American competition. 
Rationalisation of aircraft industry would, it is felt, go so far 
that the.re will be only two big companies, one for aero engines and 
another for airframe in the future. They will co-operate in the design 
and development of new aircraft with some Government assistance. The 
important factor which must be recognized is that the technological 
decision must be right for new aircraft projects. Even in America the. 
aircraft industry has shrilnk in numbers to include only Gene.ral Electric, 
Lockheed, Bo eing , Pratt and Witney and Douglas, which has now merged 
with space specialists McDonell to form McDonell Douglas Co. This has 
come about with the realization that only big companies with resources to 
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match can last the pace in such a field where development costs for 
new products are so high. 
The shipbuilding industry has been forced by competition mai~ 
from Japan to lose its share of the world market. Here again 
Government has not been maintaining the industry artificially at a high 
level in spite of balance of paJ'IDents and unemployment problems in ship-
building areas. In 1963, the Government introduced a £75m. cheap 
credit (4!%) scheme for a 10 year period for U.K. shipowners for home 
built ships. This was not renewed for home owners. Other countries 
operate some sort of credit schemes that help shipbuilding. A new 
scheme to help foreign owners with a similar credit scheme was launched 
in 1965. In 1966 the Geddes Report (51) recommended that no case 
existed for maintaining an artificially large shipbuilding industry in 
spite of varied circumstances like defence, regional unemployment or 
maritime interests. Subsidising by government was therefore not 
recommended as being necessary but a call for re-organization and 
rationalisation was made so that a l2% share of the world shipping market 
could be achieved by;-increased efficiency in the future. Government 
assistance of £67. 7m. to be administered by a Shipbuilding Industry Board 
(SIB) was proposed to promote mergers amongst various shipyards to form 
4 or 5 large regional units before 1970. Reorganization towards this 
end is taking place at present and it is expected that the industry will 
do well with limited objectives. 
The cotton industryTs decline has been caused by low competition 
from India, Pakistan and Hong Kong and here again Government has 
recommended reorganization and scaling down of operations to meet new 
trading conditions and has assisted by contributing towards compensating 
the cost of reducing capacity and towards grants on expenditure for 
re-equipment. 
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The important thing which decision makers have to rea.li.ze in 
declining industries is the fact that they are just not being competitive 
enough. They should reorganize and cater to specific market segments in 
the industry concerned and go on to other avenues where their skilled 
manpower could be better deployed. This is the function of company 
planners and strategic decision makers who have to monitor the environ-
ment to determine the path their companies should take. One of the 
most remarkable cases in which a switch was made from an existing 
business to an entire~ new field has been the case of the American 
company, W.R. Grace and Co., once a shipping and overseas trading firm, 
which is now one of America's biggest chemical companies. Its annual 
sales increased from m3l5 million to m875 million with chemicals accoun-
ting for mor~ than 62% of the total (52). 
Industrial Reorganization Corporation 
Th~ need for rationalisation and reorganization in the shipbuilding, 
aircraft and cotton industries has been dictated by pressures on these 
industries from external competition forcing a reappraisal to be made. 
Cases for rationalisation and reorganization not o~ exist for these 
declining industries but also for a number of other industries where 
external competition and cost of R and D cannot be met by a great number 
of small units fighting a losing battle against giant American and 
European firms. The advantages of size hav~ helped American companies 
like General Motors, Ford, Esso, International General Electric and 
European companies like Shell, Unilever, Volkswagen and I.C.I. stay in 
the front with their ability to commit huge resources 
a) to research and development for a great number of projects 
(sophisticated research equipment is expensive and so also 
is research brain power); 
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b) to marketing their products (all over the world); 
c) to build plants all over the world, thus encroaching 
into the territory of local companies who lack the 
necessary resources and cannot compete without some 
sort of government protection; 
d) to invest in costly modern plant that boosts 
productivity; 
e) to use the latest management techniques in their plants. 
with their ability to train their managers or send them 
to expensive Business Schools; 
f) to motivate workers by providing them with lots of 
extra benefits and social amenities. 
The setting up of the Industrial Reorganization Corporation was 
an obvious next step in the Government's aim to restructure industry 
to withstand external competition. The object of the IRC is to look 
for opportunities for rationalisation in private industry and assist 
financially if need be for companies to come together (53) ). The 
Government with a £J.50 rrd.llion initial capital is able to advance loans 
or take an equity participation in the new venture. Where prospects 
for exports or potential for technical advance exists special attention 
will be. given to these. The IRC will not have compulsory buying powers 
and it can sell off its stake in the new formation once it is felt that 
they are going on the right lines. 
The. IRC in some wCW has contributed to the merger of GEC and AEI 
and also of English Electric Computers and Elliot Automation and later 
in the formulation of International Computers Ltd., which includes ICT, 
English Electric Computers, Elliot Automation and Plessey. In all 
these cases rationalisation has be.en the aim and foreign competition 
from bigger giants a significant factor in the IRC's interest in 
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promoting the mergers. 
The impact of IRC and Government preaChing rationalisation has 
made companies look into their systems and study how reduction in the 
numberaf products would affect their bus~esses. In cases where 
expansion opportunities exist, companies have been buying smaller 
companies that expand their product range and bring economies of scale. 
to their production systems. 
It is felt that strategic decision making will gain in importance 
as companies look for opportunities to reorganize themselves into 
stronger units. This would entail a detailed look into th~ companies' 
strengths and weaknesses and would cover all fields, products, markets 
finances, R and D, production systems, management know-how, etc. 
Having isolated the strengths and weaknesses, an effort will be made to 
look for small companies that are strong in the fields in which the 
main company is weak. For example, a company which lacks a strong 
research section may want to acquire a company that possesses this 
strength. Another company may be producing a number of sophisticated 
products but is unable to show a profitability rate equal to that of 
another company whose products sell well, although lacking in design 
finesse. The former could do well with a company strong in marketing 
not unlike the latter. The two companies look ideal for a merger 
provided other conditions are satisfied. In addition to getting 
tangible benefits through mergers, companies can gain in management 
capabilities as well. 
Summarising what has be.en said so far, Government in its task of 
managing th~ econoIDlf takes a number of actions that affect industrial 
decision making in some form or another. Basic~ Government's 
intentions are that industry should do well as it happens to be a very 
important factor in boosting national e.conomic performance. Government 
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has also got to meet certain social obligations. Therefore its actions, 
taking into consideration economic factors, cannot ignore the social 
consequences. In one case protection of public interest. may not allow 
a merger to go through, whilst in another case pressures of the. economic 
environment may cause Government to bring about a merger. Government's 
role may look to be one of contradictions, but in an ever changing 
dynamic environment where everything else changes, it cannot·afford not 
to be adaptable. 
SUMMARY 
In this chapter, the national performances on a number of counts 
since 1950 are studied. These include consumer spending, gross fixed 
capital formation, public expenditure on the expenditure side and 
personal income, taxes, personal disposable income, on the income side. 
The main three spending sectors show the relative importance of each of· ~ 
the three sectors in the environmental structure - the. consumer goods 
industries, the industrial goods industries and the Government sector. 
The characteristics associated with each of the three sectors are 
developed and the actionsof Government which decision makers have to 
be. particularly aware of are discussed. 
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CHAPTER 5 
DECISION MAKING IN DECADES 
A managerts function is to make decisions against future happenings. 
What happened in the past is re~ of historical interest only as far 
as his decisions are concerned. However, there are a number of lessons 
to be learned from what happened in the past as this will provide a 
framework for future decisions. A managert s past experience helps him 
diagnose would be problem areas and act on them before his company system 
goes out of control. The same situation prevails when decision making 
in decades is considered. What happened in the past cannot be directly 
extrapolated to predict future behaviour due to the fact that the 
environment does not remain static. It remains in a state of flux all 
the time. The extrapolation would help only marginally. Essentially 
it will provide a base from which to work. What is really needed is 
some form of adaptive extrapolation, which is what planners generally 
resort to. This would involve an estimation of the changes in the 
social, technological and economic environment which will prevail in the 
future. Even though an executive may be facing very similar decision 
situations at different points in time, his solutions may be very diffe-
rent as he has to take account of the movements that have occurred in 
these environmental factors in the intervening period. A clue to 
decision making in the past decade would be derived from stuQying the 
movements in these environmental factors. 
In considering decision making in decades, therefore, a look at the 
various environmental factors and changes that have taken place would 
explain past decisions, while expected pattern of changes would help to 
provide a basis for decision making in the next decade. 
In the previous chapter environmental structure was assumed to 
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consist of the consumer goods sector, the industrial goods sector and 
the Government sector. Decisions are made in each of these sectors and 
they are all amenable to changes in the social, economical and tech-
nological variables in the environment. Decisions reached in business 
are many depending on the number of decision makers in various positions 
in companies. A number of decisions are made under each main decision 
area. The main areas of decision making are 
(1) 
(2) 
(3) 
(4) 
(5) 
Financial 
Product and marketing 
Research and Development 
Design and Production 
Personnel. 
~ Technological 
As stated earlier, the financial and the technological decisions are 
the critical areas of decision making. Good decisions in these areas 
are bound to prombt~ the reaching of better decisions in the other areas. 
Good company performances automatic~ boost morale and motivate 
personnel. Validity of decisions is tested against objectives laid down 
for each of the decision areas. Objectives provide a basis for judging 
results as well as a basis for future decisions. 
Depending on the business that a company is in, stresses on different 
decision areas are bound to vary, They all have certain connnon objectives 
which are bound to be prevalent irrespective of the decade in which they 
are operating. They are 
1) Company survival 
2) Short run profitability 
3) Long term profitability 
4) Minimising the chances of the cOlIq)any 
incurring any loss. 
97 
5) A good company image to the public, 
6) Liabilities and long term debts to be. 
within acceptable limits, 
7) Operate within the legal framework in all 
the countries in which the company is 
operating, 
8) Increase of market share relative to 
competitive products, 
9) Reduction of the unit costs of production. 
10) Cutting out waste and reducing overheads to 
acceptable limits, 
11) Introduction of the right products based on 
contemporary technology at the right time and 
in the right markets, 
12) Good personnel policies which minimise turnover 
of good workers critical to company performance. 
These objectives are aimed for within the framework of the five 
basic decisions. The social, technological and economic factors in the 
environment separate~, together and in all possible combinations affect 
decisions in these areas. For example, a technological change maJl" not 
only affect the production and product decisions but also affect 
personnel decisions. A demand for wage increase - a social and economic 
factor - would affect the personnel as well as the financial and product 
decisions. A 10 year period has been arbitrari~ chosen, although it 
appears to be the optimum period in which interactions betwe.en the differ-
ent environmental factors can be better understood. A 5 year period 
appears rather short and a 20 year period rather long. 
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5.1. The 1950-60 DECADE 
The 1950-60 decade was one in which the first half had the influence 
of the War effort, while the second half showed the symptoms of the 
economic boom. The interruption caused to normal resource allocation 
during the War was being undone and a period of reconstruction took place 
and this affected all industry. Britain retained its position as a 
leading exporter of goods immediately after the War and till the early 150s. 
This was a period in which the Germans and the Japanese in the aftermath 
of destruction were building up their industrial capacity. Britain, on 
the other hand, with a smaller scale of destruction, could get its 
industries going much earlier. As was seen earlier (Chapter 3) when the 
export-import patterns were considered, the Germans and Japanese started 
cutting into Britain's share only sometime in the middle of this decade. 
During this period, exports were rising all the time and so also were 
imports. The pattern of British exports also changed in the fifties from 
traditional exports of the thirties. Whereas in 1938, machinery other 
than electric (11%), cotton goods (10%), coal (9%), iron and steel (6%) 
and chemicals (6%) were the main commodities Britain exported, by 1957, 
the first five export commodities were machinery other than electric (17%), 
vehicles and aircraft (12%), chemicals (8%), electric machinery and 
applications (7%) and iron and steel (6%). There was a change to science 
based industries from the old traditional industries. This is a reflec-
tion of the progress in technology achieved by the output of research and 
some of the ideas developed in the War. 
Amongst major technological developments that took place after the 
war was the building of refining plants for crude oil and the developments 
of nuclear energy industries. Between 1945 and 1960, nearly £1000 million 
was invested in these two industries. The building up of oil refineries 
led to the development of petro-chemicals from by-products. Other 
99 
chemical industr.y developments have been detergents, plastics and 
synthetic resins. Hundreds of different plastics are now being used in 
thousands of end products. Metal components are being substituted by 
plastic made parts. Atomic energy - Britain was in the forefront in 
stuQying nuclear fission - has been used for peaceful purposes. The 
Atomic Energy Authority was created in 1954 and in 1955, the British 
Electric Authority decided to build up power plants with atomic energy. 
Another industr.y which did particularly well was the aircraft industr.y. 
It was helped by the big Defence programme launched in 1951. The Viscount, 
Comet and Britannia were important passenger planes developed with sub-
stantial assistance from Government. The motor car industr.y did parti-
cularly well in the 1950-60 decade because the demand for car production 
was increasing all over the world, particularly in the advanced countries 
where the living standards of the people were improving and they were thus 
in a position to buy cars, washing machines, T.V. sets, etc. Amongst 
other products which were being made in Britain and being sold in world 
markets were tractors, radar and navigational equipment and cathode ray 
tubes. One of the most important contributions of the War effort was 
the development of new science-boased industries. These le.d to a nUlIlber 
of 'hybrid' industries, i.e., those of dual parentage being set up; e.g. 
petro-chemicals, electronic engineering, chemical metallurgy, etc. (54). 
Interdependence between industries also increased during this period. 
For example, the development of numerical control machine tools was made 
possible due to progress in electronics. Precision instrumentation in 
chemical and atomic plants is also dependent on electronics. The textile 
and chemical industries have been brought together by the development of 
man made fibres. 
other industries which performed well compared to earlier decades were 
steel (rose by 133%) (between 1938 and 1960), shipbuilding - its decline 
started in the late '50s - and aluminium. The steel industr.y which was 
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nationalised initially and denationalised except partially was not 
affected by these political factors, ~ because the demand for steel 
was high as shipbuilding tried to meet the demand for oil tankers and 
other engineering industries, like the automobile industr.y, were develop-
ing at a furious pace. The success of most of the industrially advanced 
countries can be attributed to the world boom after 1945, which generated 
demand for consumer goods and also for industrial goods. 
Research and development was the most significant factor which con-
tributed to the. development of a nmnber of new products in this decade. 
The industry which contributed spectacularly to new product development 
was the chemical industr.y. Oil refining in this countr.y brought in a 
nmnber of new industries developing new materials for new products. 45% 
of the organic chemicals produced in 1957 were from petroleum based 
industries rather than from the traditional coal and imported molasses 
(55). The coal industr.y was the one most affected by the development of 
the chemical industry. Its production has been gradually dropping from 
the 1937 figure of 240.7 m.tons. The 1950 production was 216.3m.tons 
and 1960 figure was 193.6m.tons. Electricity generated has increased 
during all this period, thus showing its reduced dependence on the coal 
industry. It has been observed that the energy consumed in any countr.y 
bears a close relationship with living standards (56). Under developed 
countries invest a lot of money in hydro-electric and other electricity 
generating projects with the premise that once power is available cheaply, 
industries can be built up to improve. Jiving standards. India is one 
countr.y which has invested heavily in power development. In Britain, too, 
the electricity and gas industries have been developing at a ste~ pace. 
Electricity generated in the U.K. more than doubled between 1950 and 1960. 
In fact, it increased by 224% in the 1950-60 decade. (57) 
The new industries developed after the war tended to be. capital 
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intensive. The chemical industry was one such. This led to just the 
right amount of workers being employed in industries like oil refining 
so that a higher rate of productivity was achieved (To produce chemicals 
at reasonable prices, optimum sizes of plant involve high initial capital 
investment) • 
Improving efficiency of production was not left to the chemical 
industry alone. The motor industry, under pressure of demand, decided 
to go for high volume production. This entailed the use of special 
machine tools and flow line assembly which came into vogue in the British 
car industry in this decade. The initial problem of the need for 
changing the complete production system once the car model was changed 
was altered by introducing greater flexibility through standardisation 
wherever possible. 
considerably. 
Flow line production started reducing labour costs 
The need for the steel industry to have bigger plants was stressed 
by the Anglo-American Productivity Council in 1952 which said that "the 
greatest limitation upon productivity tod~ is the size of the unit of 
the plant" (58). Improvements in the techniques like the new method of 
preparing ore through increased use of sinter in the manufacture of pig 
iron and the use of o:xygen in the trBessmer Process" of steel making con-
tributed to improving productivity in the industry. 
Another major development which affected production processes in 
this decade was automation. This concept known earlier began to be 
applied during this decade. Mechanisation in some form, wherever routine 
jobs were involved was prevalent earlier. The automation tec:hn.fuque 
brought along with it control systems and later on computers. The 
electronics industry was responsible for the development of these control 
systems. In this industry itself, transistors were replacing valves in 
a wide variety of applications. 
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So far it is only the technological element in the environment 
which has been considered. This has been the most important development 
in this decade when compared to past decades. The emergence of tech-
nology as a potent factor is attributable to the demand for new products. 
This has been a persistent feature in the 1950-60 decade as increased 
prosperity was spreading all around. A look at Table 4.1 indicates 
that consumer spending has been increasing all the tline although its 
share of the total domestic expenditure has been falling. As was seen 
in Chapter 4, consumer spending at constant prices rOSe by 11% between 
1950 and 1955 and by 15%., in the rest of the decade. It is to dis-
cretionar,y spending power that one should look in order to get an idea 
of the development of living standards. Table 4.3 shows the growth of 
total personal disposable income and how it is distributed. Total 
personal disposable income is the total personal income minus the taxes 
Discretionar,y spending power would refer to the surplus above the amount 
necessar,y to meet the basic necessities of life - food, shelter and 
clothing. By dividing consumers' expenditure into durables and non-
durables, and assuming that discretionar,y spending power varies with 
the expenditure on durables plus savings (not all expenditure on non-
durable goods is essential for basic SUbsistence)::. for example, going 
to a theatre may be considered as luxury), Fig. 4.1 shows the development 
of the crude discretionar,y spending power and this has been increasing 
consistently. Between 1950 and 1960, it rose from 6.45% to 14.6%. 
The demand for new products arises from this high spending power that a 
person possesses due to higher incomes achieved through greater produc-
tivity. As his income rises, a person does not proportionately increase 
his expenditure on the items he used to buy before, so that now he is 
left with the extra money which he likes to spend on luxuries, entertain-
ments or new products. Businesses catering to these industries have 
been growing ver,y fast in the last decade. It is this demand for new 
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products that sets up the socio-economic-technological cycle. Isolating 
particular demands of the public through investigation is the function 
of market research - and with this corrvanies or entrepreneurs are always 
trying to capitalise on new product opportunities. In the first half 
of the 1950-60 decade, goods were scarcer and what was available was 
being bought by the public as Government had lots of controls, including 
rationing, which came off only nmch later in 1958. In fact, Government 
pressure on industry after the War increased considerably. By mational-
ising railways, steel, coal and electricity, Government had a bigger 
stake in industrial development. In 1951, the government embarked on 
a rearmament programme which assisted the aircraft and electronics 
industrie.s with vast amounts of government research funds. One. of the 
invortant government aims during this period was to reduce invorts and 
conserve foreign exchange as invorts were becoming very expensive. This 
was what prorrvted the development of synthetic materials to replace 
traditional invorts and was the cause of the development of science based 
industries. These in turn demanded sophisticated technology and heavy 
capital investment. The chemical and the fuel and power industries 
grasped this opportunity with both hands and the Government was respon-
sible in no small measure for progress achieved. 
The 1950-60 decade was a period in which there was nearly full 
errvloyment and successive governments maintained that full errvloyment was 
a social objective. The prevailing circumstances of post-war recon-
struction, armament programmes created an atmosphere in which there was 
very low unemployment. Another problem faced was the shortage of 
skilled workers and this led to workers getting high wages so that with 
Unions getting nearly what they wanted, the industrial atmosphere was 
very conducive to growth. Although productivity rose by 4% between 1948 
- 1957, the. average rise in armual incomes was 8%, and rise in invort 
prices (10% between 1946-54) was the main cause for wages rising faster 
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than production (59). Table 5.1 shows indices of output per man year 
for G.D.P. and industrial production and manufacturing production and 
also the average work week. Manufacturing production rose by 39.5% 
between 1950 and 1960 and the Gross Domestic Output per man year rose 
by 23% and the output per man year in industrial production by 25% in the 
decade. Since the average work week remained fairly constant, there was 
an increase in productivity. This increase. can be attributed to the 
increased investment in plant and machinery by industry - the gross 
fixed capital formation increased its share of total domestic expenditure 
from 12.9% in 1950 to 15.9% in 1960, an increase of 23.2% (Chapter 4, 
Table 4.1) - to incre.ase manufacturing capacity - and also to the. tech-
nological progress achieved. The total work force in the decade 
increased by 6.3% and employment in industrial production by 9%. Growth 
in the economy is promoted by 
a) increasing the availability of labour, 
and b) increasing the productivity of labour. 
Since the availability of labour may be limited due to various circum-
stances, increasing the productivity is the general aim and this can be. 
brought about by increasing the capital investment per worker, improving 
the existing production systems, better training and education and by 
incorporating advanced technology concepts into products and processes. 
The next thing to look for, therefore, is education. Professor Allen, 
when discussing structural change in British industry (1900 - 1964), has 
said: nAnother set of influences that affected the structure of demand 
and so the composition of industry was to be found in changes of taste 
for which new forms of education and new means of communication were, in 
part, responsible." (60). pne of the most significant influencing 
mediums has been television, which has become an essential ingredient to 
every household in industrialised countries. Education in the U.K. has 
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TABLE 5.1 
PRODUCTION, ·PRODUCTIVITY, AVERAGE WORK WEEK & WORK FORCE. 
YEAR Production Output per man year Average Weekly Total Work Employment in Manufacturing G D P Industrial Hours Worked Force Industrial Production (Operatives in Production 
Index Numbers Manufacturing ) OOO's OOO's 
Average 1958 = 100 
1950 82.1 87 88 45.4 23.526 10,773 
1951 85.7 89 89 45.6 23.799 11.026 
1952 82.6 89 88 45.3 23,862 10.913 
1953 87.7 93 92 45.8 23.942 11.036 
1954 93.6 95 96 46.2 24,239 11,267 
1955 99.5 96 98 46.3 24,486 11.513 
1956 99.1 98 98 45.9 24.681 11,623 
1957 101.3 99 99 45·9 24,761 11.616 
1958 100.0 100 100 45.4 24.635 11,435 
1959 106.0 103 105 45.8 24.714 11.436 
1960 114.6 107 110 45.3 25,010 11,749 
1961 114.8 109 110 44.6 25,221 11.899 
1962 115.2 109 III 44·2 25,486 11,836 
1963 119.8 113 116 44.1 25.575 11,708 
1964 129.1 117 122 44·5 25.780 11.910 
SOURCE: The British Economw: Key Statistics 1900-1964. Published for London and 
Cambridge Economic Service by The Times Publishing Co. Ltd., London. 
also proliferated considerably (see Table 5.2). Whereas the population 
rose by 4% in the 1950-60 decade, the number of children at school between 
5 and 14 years rose by 22.4%, the number above 15 years and over by 76% 
and the number attending university by 21.5%. It is significant that 
the growth of the middle sector (15 years and over) is the fastest. This 
was a natural phenomenon as education was being made more broad based so 
that the content of educational quality for all job entrants - in the 
skilled and technician variety - improved. In addition a numbe.r of 
students who could not enter universitie.s went into Teacher Training 
Colleges as well as to Colleges of Further Education and Regional Colleges. 
According to the Robbins Report (69, in 1962/63, 118,400 students attended 
universities, 54,700 Teacher Training Colleges, and 42,800 Colleges of 
Further Education. In fact, the Teache.r Training and Further Education 
grew much faster than Universities (see Table 5.3). 
TABIE 5.3 
Numbers of Students at YEAR University Teacher Training Further Education TOTAL 
1938/39 
1954/55 
1962/63 
50,000 
82,000 
118,000 
SOURCE: 
13,000 
28,000 
55,000 
6,000 
12,000 
43,000 
Robbins Report p.15 
69,000 
122,000 
216,000 
What e,merges after looking at the educational statistics of the 1950 -
60 decade is that greater efforts were made to mak~ education more broad 
based. 
The other important factor which has affected th~ structur~ of 
demand has been communication. The wide,circulation of British newspapers 
and the impact of television has had a profound effect on the tastes of 
an average consumer. The national expenditure on advertising gives a clue 
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TABIE 5.2 
POPULATION AND EDUCATION 
U.K. Education (G.B.) 
YEAR Population No. of Children at School No. attending 
(mid year) 5-14 yrs. ) 15 yrs. & over University 
Million OOO's 
1950 50.18 6,313 310 85.4 
1951 50.29 6,409 299 85.3 
1952 50.43 6,898 336 83.5 
1953 50.59 7,174 349 81.5 
1954 50.77 7,338 366 80.6 
1955 50.95 7,474 380 81.7 
1956 51.18 7,610 388 85.2 
1957 51.43 7,732 400 89.9 
1958 51.65 7,739 436 95.4 
1959 51.96 7,760 485 100.2 
1960 52.35 7,729 546 104.0 
1961 52.82 7,362 548 107.7 
1962 53.34 7;679 629 113.1 
1963 53.68 7,554 733 119.0 
1964 54.28 7,527 848 126.4 
SOURCE: Annual Abstract of Statistics (Various). 
to the development of marketing as a major phenomenon during this decade. 
One has only to look at the growth of its share of the total advertising 
expenditure to recognize th~ role of television. Table 4.7 shows 
national expenditur~ on advertising and how it increased between 1938 and 
1965. The share of total advertising expenditure in the national income 
has been increasing since 1956. Newspapers still get the lion's share 
of the advertising expenditure, but the growth rate of T.V. advertising 
has been spectacular (Table 5.4). 
TABIE 5.4 
BRITISH PRESS AND TV ADVERTISING EXPENDITURE 
PRESS T.V. 
£M % £M % 
1956 158.6 51.0 11.0 3.4 
1957 162.5 49.0 27.0 8.0 
1958 172.0 47.5 48.0 13.0 
1959 185.0 47.5 60.0 15.0 
1960 . 214.0 47.5 80.0 17.5 
1961 215.0 46.0 83.0 17.7 
1964 269.0 47.0 102.0 18 
1965 282.0 48.0 106.0 18 
SOURCE: Advertising Association. 
Television started selling time for advertising only in 1955. 
Advertising has very significantly contribute,d to raising living standards 
in th~ Western world in the last decade. It is an economic form of 
selling to mass markets and is a vehicle through which co:rrq:>etition and 
product innovation publicises itself. In the 1950-60 decade, advertising 
played its role effectively to create demand for the number of new tech-
nology products that were launched. 
In Table 5.5 is shown the size structure, of establishments and of 
persons employed in factories for 1935, 1952 and 1962. On th~ establish-
ment side, the number in each category has increased except in Category A, 
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TABLE 5.5 
SIZE DISTRIBUTION OF ESTABLISHMENTS BY NUMBERS EMPIDYED 
IN FACTORY TRADES 1935, 1952 and 1962. 
SIZE ESTABLISHMENTS I" PERSONS EMPLOYED ( 000 f S ) 
(No. of 1935 1952 I 1961 If 1935 1952 1961 , I 11 
employees) No. % No. % I No. % it No. % No. % No. '% 
I It i" 
A il - 24 ' 16,490 33.7 17,441 30.8 i 12,571 22.8 i~ 279 5.4 299 4.2 222 2.7 
n 
25.6 26.0 114,704 6 I. 8.5 6.4 B 25 - 49 ' 12,542 14,730 2 .7 i: 438 517 7.2 523 ! 
1 12,774 " C 50 - 99 8,582 17.6 10,473 18.5 23.2 I: 602 il.7 731 10.2 897 il.O I, 
D 100 - 499 9,750 . 19.9 il,543 20.4 112,213 22.1 I 2,015 39.0 2,398 33.4 2,552 31.2 
I 
E 500 - 999 1,047 2.1 1,471 2.6 1,693 3.1 719 13.9 1,Oil 14.1 1,163 14.2 
F 1,000 and over 533 1.1 980 1.7 1,206 2.1 1,106 21.4 2,224 30.9 2,821 34.5 
, 
48,944 :100.0 TOTAL: 56,638 100.0 ; 55,161 1100•0 , 5,159 100.0 5,159 100 8,178 100.0 
I I .1 
SOURCE: Annual Abstract of Statistics (Various) 
./ Ministr.y of Labour Gazette • 
i.e., Establislunents with between II - 24 workers. Companies with 
ll-49 employees de.crease,d from 59.3% in 1935 to 56.8% to 49.5%. There 
is the evidence of a tendency towards bigger units between each of the. 
thre.e. periods. Firms with 500 workers and over were only 3.2% in 1935; 
they rose to 4.3% by 1951 and 5.2% by 1961. By looking at th~ persons 
employed section, it is quite clear that there is a shift in the majority 
of workers to be employed by bigger companies (1000 and over). In 1935 
only 21.4% of all workers were employed by companies employing 1000 or 
more workers. This rose to 30.9% in 1951 and 34.5% in 1961. Less 
workers were progressively being employed by smaller companies (ll-50 
workers) in the last three decades. The Categor,y D (100-499 workers) 
which is in a middle position as far as e.stablislunents and persons 
employed are concerned, has be.en losing more oif its workers to the bigger 
companies. The tendency it appears from statistics presented so far is 
that more and more bigger companies are taking in most of the new workers 
joining industr,y. Table 5.5 refers to e.stablislunents and their sizes. 
Most of the big companies have a number of establislunents producing a 
variety of products. 
From what has been presented so far, a good idea of the, decision 
making tendencies in the 1950-60 decade emerges. The most important 
development in this decade was the recognition of the contribution that 
research and development can make to the design of new products. Although 
most of the research funds were spent by aircraft, electronics and 
chemical industries (£l42M. out of £l85M., i.e., 77%), an attitude whereby 
R and D was important was gaining ground both amongst industr,y and 
Goverrunent. The. latter was helping finance. most of the R and D. In 
1955-56, 75% of all R and D was financed by Goverrunent with 43% going 
to private industry (62). Private industr,y increased its R and D 
expenditure from £l85M to £216.3M, an increase of 17% between 1955-56 
and 1958-59 (Table 3.8). In 1955-56, private industr,y also engaged 
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23,800 men out of a total of 46,000 engaged in full time R and D (63). 
One of the major factors in R and D in Britain has been the presence of 
research associations for various industries which are autonomous bodie,s 
and whose members are firms operating within the, industries. In 1950, 
there, were 40 such research associations and they increase,d to 49 by 
1957-58 (64). The money they spent on R and D from Government sources 
during this period increased from £l.ll{ to £l.7M. The re,search 
associations are financed by their respective industries and Government 
through the old D.S.I.R. (Department of Scientific and Industrial Research) 
and now the S.R.C. (Science Research Council). 
As technological progress started ge;nerating new products, mar~e:ting 
decisions became, rather important. In the ear~ '50s, there was a general 
demand for the more routine, products. As the discretionary spending 
power of the people began increasing, the need for luxury products was 
incre,ased so that cars, T.V. sets and washing machines and othe,r consumer 
durable,S started increasing their shares of the market. As was mentioned 
earlier, education and communication began making consumers more/choosy 
so that advertising began to gain in importance. Advertising had to 
work within an overall marketing strategy which included studying consumer 
attitudes and tastes, linking with re,search to produce ne:w designs and 
ke,eping up with dep.ve,ry sche,dule,s through improved distribution syste,ms 
and better organization. Marke:ting was siow~ bringing technological 
progress within the reach of eve,ry household. New products generated by 
rese,arch like, de:te,rge,nts, nylon stockings, terylene shirts and transistor 
radios all became popular among the masses through effe,ctive marketing 
in this decade. 
Design and production decisions also gained in importance during 
this decade. With the increase of living standards generating demand 
for a wide variety of products, designing for production became, the, 
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philosophy in manufacture. The high volume of demand necessitated 
mass production techniques to produce cheaper products. This was a 
challenge to industrial goods industries and they had to design these 
production systems to cater to mechanisation criteria. I.dJn:i..ted auto-
mation in sections of manufacture where it was fe.asible began to appear. 
In many cases fundamental rethinking on factory layouts and management 
responsibility began to emerge. Efficiency in production systems 
booste.d productivity standards. Transfer processing in the. automobile. 
industry, assembly of components in th e electronics industry using 
printed circuitry and automatic control of refinery operati~ns using 
electronic controls are all e;x:amples of results of decisions aimed at 
economies in production. 
Personnel policies in this decade reflected th~ prevaliling mood in 
the economic environment. Wages and salaries rose to improve living 
standards generally. Shortage of stilled workers in some. sections of 
the manufacturing sector contributed to the wage increase. Near full 
employment prevented any major industrial disputes and generally relations 
between unions and employers were good. The number of unions reduced 
from 732 to 662 in this decade and their average sizes increased from 
12,690 members to 14,850 members. The.ir overall membership in this 
decade rose from 9.289 million to 9.832 million (65). Where mechanisation 
and automation have crept in, education of. workers about the inherent 
advantages to be. gained for everyone has been an important element in 
personnel policies in the. 1950-60 decade.. There was a general appreci-
ation by Unions that automation would affect occupational patterns and 
workers would need to be retrained. 
Financial management has always been of crucial importance, in 
running businesses and with resources getting costlier and enlargement 
of competing demands for finance stemming from a surfeit of ideas for 
110 
new products based on new technologies in the last decade and a half, 
it has become even more important. Essentially financial management 
deals with getting the right capital mix and using it in the best 
possible w~ to achieve compaqy objectives. For aqy growing economy, 
adequate supply of finance is a vital prerequisite. The ease with which 
a compaqy can lay its hands on finance depends on its credit standing, 
its past performances and the time period for which it needs the loan. 
One of the chief sources of finance for companies in the 1950-60 decade 
has been from its own undistributed profits. Normally, the income that 
a company earns from its trading profits and rents, etc., is distributed 
to three main areas: dividends and interest, to Government in the form 
of taxation and to the compaqy reserves for ploughing back into the 
compaqy for future·meeds. Other forms by which companies acquire finance 
have been through new capital issues, capital transfers, bank loans and 
other loans and mortgages. Capital issues have been in the form of 
ordinary and preference shares and debentures. With economies of scale 
demanding larger plants, companies found that more fixed capital was 
necessary for their businesses. With the nationalisation of steel, 
coal, electricity and railways, some of the burden of finding huge 
capital was taken aw~ from the hands of businessmen. Institutions like 
the Finance Corporation for Industry (FCI) and Industrial and Commercial 
Finance Corporation (:rCFC) which were formed after the War helped 
industries find capital. I. C. F • C. was created to help small and medium 
size companies where a public issue was not justified and the F .C.I. 
for long term loans of one to five years for firms in the major basic 
industries. The London clearing banks and the Scottish Banks finance 
the I.C.F.C. while in the F.C.I., the stakes are 40% by insurance com-
panies, 30% by Trust companies, and 30% by the Bank of England. The 
I.C.F .C. with a share capital of £I5m. with another £3Om. borrowable 
from the Banks with stakes in it had helped about 1000 enterprises to the 
ill 
tune of £74m. by 31 March 1961 (66). The F.G.I. with a nominal capital 
of £25m. with another £lOOm. borrowable from joint stock banks also had 
granted loans up to £20Om. by 31 March 1961 to firms in the steel, 
chemical, oil, textiles, shipping and engineering industries. Other 
sources of finance for companies have included hire purchase facilities 
in machinery and vehicles by finance houses. Another source of capital 
in the 1950-60 decade was the slow injection of American money into a 
number of industries. 
As mentioned earlier, the main source for capital appears to be 
the retained undistributed income of companies. This is very clearly 
shown in Table 5.6. More than 40% of the income from rent and gross 
trading profits has been kept aside for future capital investments fairly 
constantly in the past decade and a half. This is a very good way of 
building up growth in companies. The only snag appears to be the 
question-whether a compaqyfs shareholders are not losing on new oppor-
tunities for investment by such a policy. It is (quite possible that 
small companies with good ideas may be losing out, due to lack of finance 
because of this general tendency of profit retention for plough back. 
There has also been a general frowning on excessive profit makers so that 
"big companies which are institutions in their own right and have to keep 
up their social images would rather keep Bome of their profits in reserve 
than distribute them as dividends to shareholders. This does not mean 
that dividends have not risen in the last decade. In fact there has 
been a gradual increase in the payout of dividends and interest as shown 
in Table 5.6 in the last decade and a half. In the 1950-60 decade, it 
rose from 22.8% to 31.3%, an increase of 39.5%. The tax share of the 
total income earned has been falling generally. With the advent of 
investment allowances in 1954 to promote new investment and also of 
initial and other capital allowances for scientific research and patents, 
companies started getting tax advantages so that progressively they have 
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TABIE 5.6 
CORPORATE INCOME APPROPRIATION ACCOUNT 
. TOTAL INCOME DIVIDENDS AND INTEREST; U.K. TAXES ON I BAIANCE: 
YEAR (Gross Tradirg (PC3\Ynle;nts + Addition to INCOME (PC3\Ynlts. I UNDISTRIBUTED 
,Profits + Rent Dividend & Interest . + additions to I INCOME AFTER 
: & Non Trading Reserves) Tax Reserves) t TAXATION 
Income) I £M. £M. ~ £M. ~ j £M. ~ 
j 
1950 I 3325 757 22.8 855 25.7 I 1459 42.8 
1951 : 3826 790 20.6 ll69 30.6 I l55l 40.5 
. I , 
3576 857 23.0 978 27.4 I l382 43.5 1952 
1953 3747 908 24.2 lOOO 26.7 I 1497 40.0 I 
1954 ; 4100 l035 26.2 l032 26.2 I l692 4l.4 I 
1955 4483 l09l 24.3 970 2l.6 I 2005 144.7 I 
1956 4750 l205 25.4 l02l 2l.5 2069 43.5 
1957 . 5015 l322 26.2 lOll 20.0 2169 42.2 
1958 I 5056 l502 29.7 870 l7.4 2147 42.5 
1959 I 5465 l735 3l.6 782 14.3 ! 2344 43.0 
1960 : 6129 19l8 3l.3 l033 l6.9 2600 42.5 
! 1961 : 624l 2140 34.4 915 14.7 2620 40.5 
1962 6390 2225 34.9 826 1.3.0 2727 42.6 
1963 ! 700l 2416 34.5 833 lO.5 3089 44.0 
1964 : 7950 277l 34.8 . lO2l l2.8 3436 43.2 
I 
1965 8500 3043 35.8 630 7.4 404l 47.5 
SOURCE: National Incom~ Blu~ Book. 
behefitted. Table 5.7 shows corporate accounts of manufacturing industries 
based on turnover percentages. The. trading profits have remained around 
10% of the. turnover during this decade. From the tax point of view, 
the capital allowances were increasing gradually during the 1950-60 decade. 
when the total tax being paid was falling. This coupled with the fact 
that there was a regular increase in the dividend share of the total 
income indicates that companies were doing quite~we11 in this period. 
Results would indicate that decisions appertaining to financial resource 
allocatiGn during the 1950-60 decade. were reached with great appreciation 
of environmental factors. 
The 1950-60 decade was looked at in great detail to bring out the 
significant differences that emerged compared to earlier periods as 
technological advances changed the old pattern of industries, developing 
new ones and reducing the importance of some traditional industries. 
With the country achieving social, economic and technDl.ogical progress 
after the war, decision making in industry has faced new challenges. 
Scientific management had gained a new tool - Operational Research - in 
the War (67) and during the 1950-60 decade, the importance of O.R. in 
improving the decision making function was recognized by managers, who 
started making use of its techniques to arrive at better solutions to 
problems on transportation, stock control, queuing, etc. 
Looking at decision making in the decade from the point of view of 
pressures from Government and competitive sources within the framework 
of the structure of the environment it can be concluded that 
1) the pressure from Government sources increased with its 
greater industrial participation. This took the. form 
of nationalisation when steel, fuel, power and railw~s 
were nationalised, thus altering the industrial structure. 
This resulted in the e.stablishment of more Gove.rnment 
113 
TABIE 5.7 
COMPANIES APPROPRIATION ACCOUNT: ALL MANUFACTURING INDUSTRIES 
SHOWING PERCENTAGES OF TURNOVER 
YEAR IN TRADING CAPITAL TOTAL INCOME DISTRIBUTIONS TAX TOTAL TAX WHICH . PROFITS ALLOWANCES DIVIDENDS : IN'IEREST PROFITS INCOME 
ACCOUNTING ROYALTIES 
PERIOD ENDED . 
1952 - 53 10.11 1.71 8.73 2.29 .20 .77 2.69 3.46 
1953 - 54 10.29 1.76 9.25 2.65 .22 .72 2.70 3.42 
1954 - 55 10.34 1.93 9.01 2.49 .20 .69 2.65 3.34 
1955 - 56 10.28 1.99 8.96 2.39 .21 .67 2.70 3.37 
1956 - 57 9.83 2.28 8.22 2.41 .24 .81 2.37 3.18 
1957 - 58 9.84 2.49 8.13 2.63 .26 .89 2.23 3.12 
1958 - 59 9.99 2.83 7.90 2.92 .31 .83 1.98 2.81 
1959 - 60 10.66 2.80 8.79 3.89 .34 .82 1.77 2.59 
1960 - 61 10.77 3.15 8.95 4.06 .28 .97 1.79 2.76 
1961 - 62 9.81 3.32 7.41 4.40 .27 1.05 1.06 2.21 
1962 - 63 9.67 3.46 7.46 4.13 .32 1.0.5 1.17 2.22 
1963 - 64 10.02 3.89 7.09 4.53 .31 1.0.5 0.87 1.92 
1964 - 65 10.28 3.67 7.59 4.33 .32 1.09 1.21 2.30 
SOURCE: H.M. Inland Revenue Reports (107 and 110) (Cmnd 2.572 and 3.508) H.M.S.O. 
departments whose policies could affect industries, 
particularly the industrial goods sector. 
2) tElx policies of the Government did not affect industrial 
performance very much because of a buoyant econonw. In 
fact the gradual increase in capital allowances paved the 
way for building up capital which was very much in 
evidence in this decade. 
3) the pressure on decision making from competition from 
external sources started effectively building up only in 
the mid '50s. 
4) the. pressure from internal competition was mostly in the 
form of new technologies developing due to greater commit-
ments by companies on R and D. 
5) competition was not so rampant because the demand for all 
products was high enough to acconnnodate all companies. 
This allowed smaller companies to continue to survive profit-
ably. This began to change when selectivity started to 
obtain in consumers' tastes as their discretionary spending 
power began rising when marketing began to gain in importance. 
6) the greater demand for consumer products generated greater 
demands for capital goods. As internal competition began 
rising prices became important. This led to consumer goods 
industries wanting to reduce costs of production, putting 
pressure on capital goods industries to comply with suitable 
productivity boosting systems. 
7) new branches of technology opened up new avenues for corporate 
development, expansion and diversification. Companies like 
I.C.I., A.E.I., G.E.C., English Electric took these opportunities 
to expand laterally into new product areas. Vertical 
integration was not uncommon either as big cOl1:q:>anies tried 
to gain control over their main suppliers and market outlets 
in the hope of in:q:>rovingefficiency all round. 
In the final analysis, the 1950-60 decade can be termed as one of 
reconstruction when the pressures generated by changes in the social, 
economic and technological environme.nt were cushioned off by the. high 
pressure of demand. 
5.2. THE 1960-70 DECADE 
If the 1950-60 decade is termed as one of reconstruction, the 1960-
70 decade would be considered as a period of consolidation. Probably 
the most in:q:>ortant management development of this decade has been the 
cOl1:q:>uter. With its enormous capabilities, the cOl1:q:>uter has affected 
practically every industry in some form or other and thereby management 
decision making considerably. Whe.ther it is newspaper printing or 
running a chemical plant or selecting media for advertising can:q:>aigns, 
cOl1:q:>uters have entered the frCl\Y' and revolutionised the old ways of doing 
things. Controlling the path of a satellite or bringing a space ship 
back into the earth's atmosphere or the building up of an antimissile 
system would all be. unthinkable without cOl1:q:>uters. TIle wide variety of 
applications possible be.cause of the e.normous potential of cOl1:q:>uters has 
produced a new breed of professionals who try to match cOl1:q:>uter capa-
bilities with user requirements. This new breed consist of what are 
called systems analysts and programmers who have become very significant 
elements in the efforts made to solve management problems. The systems 
approach to solving management problems consists of looking at the prob-
lems in such a way that no factor however trivial it ffiCl\Y' appear to be 
is ignored in seeking the solution. The cOl1:q:>uter with its extraordinary 
capabilities helps management decision making to interpret not just one 
or two interactions amongst decision variables, but any number, depending 
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on the complexity of the problem and on the ingenuity of the analyst or 
the manager. Early computer applications were restricted to routine 
problems like p~ol1, inventor,y control and other work which involved a 
lot of repetitive or clerical work. This has changed considerably with 
the development of faster computers with greater storage capacity and 
also possessing real time and time sharing capabilities. Also the 
availab~ty of an abundance of information of the. right form at fan-
tastic speeds has helped executives to continually make corrections to 
deviations from expected paths of the progress of companies as a result 
of changes in the envirorunent so that the quality of decisions reached 
has shown marked improvement s from the past. Computers have influenced 
decision making in all management aspects but particularly in production, 
marketing, finance and personnel matters. Computers are being used 
much more nowad~s to stuqy strategic planning for corporate development. 
Industrial Dynamics and other simulation techniques to stuqy behaviour 
of sooio economic systems in general are being carried out. National 
economic plans using econometric principles are being simulated on 
computers in most of the. advanced countrie.s so that a wide variety of 
future envirorunental changes can be tested and policies which would 
result in smooth future economic performances are designed for adoption. 
A good idea of the growth of computer potential can be seen by 
looking at how computer systems have grown since the first commercial 
machine came into being. Table 5.8 shows the build up of computer 
systems in various countries and at first glance shows the American 
strength in this field of advanced technology. In 1966, 64% of all 
computer installations in the world were in the United States. The U.K., 
although the first with the U .S. in using computers, had fewer installa-
tions in 1966 than Japan or West Germany. Only Britain and Japan 
though have viable computer industries amongst other industrialised 
countries and it is only in these two countries that loB.M.' s market 
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TABIE 5.8 
INTERNATIONAL TRENDS OF COMPUmR BUILD UP (1954 - 66) (SEIECTED YEARS) 
& ACTUAL NUMBERS 
COUNTRY 1954 1955 1957 1959 1960 1963 1965 1966 1965 COMPUTER MARKETS i S million 
, 
u.s. ; 54 263 1,350 3,612 4,600 14,000 26,340 28,500 3,502.6 78.7 
W.Germany i 20 85 170 1,012 1,980 2,750 261.6 5.88 
Japan 3 46 102 870 1,790 2,100 170 3.84 
U. K. 2 15 66 171 234 626 1,225 1,700 221.2 4.97 
France 15 60 125 791 1,320 1,550 203.4 4.58 
Italy 10 55 100 592 1,000 1,150 90.1 2.03 
others 
(25 nations in~. - NA NA NA 1,445 2,955 6,705 
Canada & USSR2 
TOTAL 56 278 1,464 I 4,029 5,337 19,336 36,610 44,455 4,449.0 100 
NA - Figures Not Available. 
SOURCE: Data Systems News April 29, 1968 p 8. 
share is less than half. otherwise LB.M. with nearly two thirds of 
the world market dominates the computer industry. 
Britain had nearly 5% of the world market for computers compared to 
nearly 79% of America in 1965. A Ministry of Technology Survey showed 
that more than 40% of computers and peripheral systems produced in the 
U.K. are exported. There are 34,500 persons working in the industry 
and their distribution is as follows: 
Research, Development and Design 
Manufacturing 
Sales 
other 
3,400 
15,000 
4,500 
11,600 
34,500 
Source: New Technology No. 6, June 1967. 
(Ministry of Technology). 
With the vast amount of new applications envisaged during th~ rest of 
th~ decade, the industry is bound to grow at the sam~ hectic pace as 
before. It is expected to grow around 20% armually. This is bound to 
result in an overall improvement in management decision making during 
the rest of this decade and in the future as there is a good information 
base for decisions. 
The overall performance of the. econonw during this decade has be.en 
one of gradual improvement On the second half of the. 1950-60 decade .• 
As it was noticed in Chapter 4, the consumer spending boom continued and 
with people earning more than before, the sales of durabl~ goods and 
other luxuries continued to be. on the upsurge. The case stuQy showed a 
marketing and innovation gap persisting in this decade and this s~ems 
to be continuing at the. present time. with competition from Japan, Germany 
and others bringing greater pressures on decision making. After 1960, 
both in terms of value and volume exports were rising faster than imports. 
117 
Whereas the value of imports rose by 4% between 1960 and 1964, the value. 
of exports rose by 5.8% in the same period (calculated from Table 3.14). 
Public spending kept on rising and sa also did gross fixed capital 
formation. Between 1960 and 1965, public spending on goods and services 
increased its share of domestic expenditure by 0.6% (from 16.1% to 16.7%) 
compared with gross fixed capital formation rise of 1.85% (from 15.9% to 
17.75%) (see Table 4.1). Although the share of consumer goods expendi-
ture fell from 65.6% to 64.5% effectively it rose by 15.3% considering 
the value. at constant (1958) prices. The general standard of living 
improved in the first half of the 1960-70 decade but less slowly than 
before. Fig. 4.1, which shows how savings and spending on consumer 
durables built up separately and together clearly indicates that the. crude 
discretionary spending power slowed down considerably compared to the. 
second half of the 1950-60 decade. The availability of durable goods 
on easy hire purchase terms was one of the important factors in the 
growth of cons~tion, since the middle of the 1950-60 decade. This ten-
dency continued in the present decade. till the economic situation in 1966 
forced the Government to take stringent measures to control spending. As 
has been mentioned before in Chapter 4, the Government t s management of 
demand forces it to take measures when resources are not being properly 
put to use to achieve national objectives. Hire purchase is one area 
by controlling which Government clamps down on home demand. 
There have be.en a number of changes which have affecte.d industrial 
decision making since the Labour Government came to power in October, 1964. 
Th~ creation of the Ministry of Technology - which now controls all 
national R and D expenditure allocations -, the Department of Economic 
Affairs - which enlarged the role of the N.E.D.C. -, the. Prices and 
Incomes Board and the Industrial Reorganization Corporation have been the 
major changes which have affected decision making. The relevance of the 
last two items have been discussed in Chapter 4. In addition, the 
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Government brought back Steel Nationalisation, introduced a new tax -
the, Selective Employment Tax, which discriminated against service 
industries, introduced Bills to control wages and prices, introduced 
investment grants to help undeveloped regions, and a number of other 
minor changes which have affected industrial decision making in some 
form or another. The main reason why some of these, changes have been 
made is to make, industry more equitably distributed within the, country 
and competitive in the international markets. The only way this can be 
brought about is by structural reorganization, product and production 
rationalisation, research and development directed to projects with 
potential connnercial possibilities and effective marketing, particularly 
in the world markets. The Ministry of Technology manages the national 
R and D effort now and this is expected to lead to an awareness of cost 
effectiveness by would be users of Government funds. Since all the 
National Laboratories now come under its wing, there is a possibility of 
greater coordination between them in the future so that duplication and 
waste are eliminated. There is a need for a high powered committee 
consisting of all the directors of these Laboratories meeting under the 
Minister at regular intervals to discuss their important projects so 
that a cross flow of ideas are generated and newer projects achieving 
certain national objectives result to which the, various laboratories can 
each contribute its share of specialised knowledge. 
promote technology transfer at the Laboratory level. 
The idea is to 
A number of proje,cts 
nowadays needs an integration of various disciplines to achieve their 
objectives. This can be, achieved by teams drawn from various laboratories 
working on specific projects so that the right specialised scientific and 
technological manpower mix obtains. There is also a need for cooperation 
amongst various research associations so that duplication and waste, are 
cut out. Thinking on these lines is already emerging as pressure from 
Government and competitive sources are making organizations realize that 
better resource management entails a complete reappraisal of the,ir roles. 
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Every organization has to adapt itself to a changing environment and 
this applies to research associations as well. Government has also 
encouraged the formation of bigger units through mergers and the creation 
of the LR.C. was intended to smooth the way financially if necessary to 
promote mergers. Economies vis a vis external competition wer~ the 
prime criterion on which most mergers have been based. '!he merge~ move,-
ment has really accelerated since the formation of the LR.C. In terms 
of restructuring industry, therefore, it can be said that the Government 
has partly succeeded. How they are going to work out against greater 
foreign - particularly American - competition remains to be seen. 
Generally, decision making in this decade so far has had to put up 
with social changes, like higher living standards of people, a better 
educated and better travelled public and the ever increasing popularity 
of the communication media. Of particular importance has been television 
- the advertising on television has continued to increase, since. 1960 and 
is nearly 18% of all advertising expenditure in the U.K. now (see Table 
5.5) - which exists as a piece of furniture in practically every British 
household. This has come about by people earning higher real incomes 
which has meant they have more money to spend on secondary needs. Tele-
vision is generally on top of the list of secondary needs. 
in most households has produced a better informed public. 
Its presence 
T.V. as an 
advertising media is becoming a very important element in the marketing 
strategy for consumer products both durable and non-durable. 
'!he spur of internal competition has made marketing decisions more 
important. Technological changes have continued to generate new products 
and the ability to sell them has depended on the earlier market research 
and the subsequent sales promotion. Every company has some form of 
marketing department nowadays. '!here is an evolution of a 'total approach' 
towards marketing. Cooperation between research and marketing to produce 
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products that will sell in the market place is improving all the time 
and it is expected that this trend will continue nmch more so in the 
future. For conS1llIler products, market rese.arch, quality of the product, 
sales promotion and advertising and the emergence of supermarkets and 
chain stores have all had their effect on marketing decisions. For 
industrial products market research, product design, delivery date, after 
sales service and'IlBw methods of buying machinery like H.P. and leasing 
have all contributed to elevate the role of marketing in company strategy. 
In industrial products competition from external sources has made manu-
facturers realize that good designs do not sell unless they have the 
necessary marketing backing. 
One of the important elements in product decisions has been their 
quality and prices. This has meant a higher resource connnitment on 
research and development. It has also meant a re-examination of methods 
to improve productivity. As it has been seen alreaqy, the gross fixed 
capital formation has been increasing all the time since 1950 and this has 
meant that most companies are buying productivity boosting sophisticated 
equipment to replace old machinery as well as to modernise their plants. 
N1llIlerical control in batch production has been very nmch prevalent 
wherever economic justification has warranted it. The capital allowances 
for investment continued to rise since 1960 (Table 5.7). The Government 
has thus helped to promote the use of modern equipment in industry. 
other schemes to promote the use of modern equipment have been in existence 
as well. An example is the Ministry of Technology! s scheme to popularise 
n1llIlerical control in production whereby companies can use these machine 
tools at nominal rates for a specified period at the end of which they can 
either continue to use the tool by buying it or else return it to the 
manufacturer whom the Government will then compensate. Amongst industries 
like motor vehicle manufacture, chemicals and electronics production has 
continued to rise. Production in metal manufacture and engineering has 
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continued to rise but more slowJ.¥. The power side has been rising as 
well and with gas being drilled for in the North Sea, its importance vis 
a vis coal is bound to increase in the future. In the chemical industry 
particular efforts have gone towards improving the quality of a number of 
products that first came into the markets in the '50s. Examples of this 
are plastics in which improvements of properties have resulted so that 
their use has become more widespread and the nylon garments which are 
cheaper and better today than when first introduced. Economies have bee.n 
gained in production and process control by computers has resulted in 
consistency of products in many cases. In car production, flexibility 
in production systems has very much improved and here, too, computer 
control has helped a great deal in trying to match exact customer require-
ments as much as possible. In addition, ergonomic features are in 
evidence in products today. The capital industrial goods industries have 
met with the production challenge very competentJ.¥. 
Research and Development continued to be an important base for 
generating new product ideas, new processes as well as improving the 
quality of existing products. As was seen in Chapter 3 in the case 
study, Government contribution on R and D has been increasing and so also 
has the outlay of companies on research. 
Financial decision mak:ing has continued in the same vein as in the 
1950-60 decade with the most of new capital coming from the undistributed 
profits of companies (Table 5.6). Retention of profits continues to be 
the fashion. With the emergence of the Prices and Incomes Board, there 
is also a close watch kept on excessive dividends. Where companies have 
made huge profits therefore, only a small proportion of it would go into 
dividend increase and the rest will have to be ploughed back after taxation. 
Allocation of finance to competing demands within companies has become more 
difficult as investment on research and advertising and promotion with its 
associated uncertainties is becoming more important every day. Operational 
research techniques along with computers are being used more wideJ.¥ than 
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before to arrive at better financial decisions. 
In terms of strategic decisions, companies are realising that bigger 
units can sustain a heavier R and D commitment at a time when researching 
is becoming costlier in manpower as. well as equipment; they can achieve 
greater specialisation in plant; they can make buying policies more 
flexible and buy at greater discount rates and they can also deploy sales 
personnel to reach as wide a market as possible. During this decade so 
far in a number of industries, companies have combined to form bigger 
units. In the car industry, B.M.C. and Pressed Steel have merged - a 
case of vertical integration - and recently Leylands have joined the 
combine to form British Leyland Motor Holdings. In the computer industry 
too the new company I.C.L. has been formed with the major computer 
interests. In the electrical industry G.E.C. has taken over A.E.l. In 
the machine tool industry A. Herbert has taken over the machine tool 
interests of B.S.A. In practically every industry this is happening at 
the present moment. It has to be remembered that the. economic situation 
since 1966 has not been particularly bright so that companies t profits 
have been affected and thereby a number of inefficient companies have 
become easy targets for the financially stable bigger companies. 
Looking at decision making in this decade, it is very evident that 
Government and competitive pressures on decision making have increased in 
intensity since the last decade. The effects of these pressures have 
made companies look at their own systems more closely with a view to 
improving efficiency. This has involved a better utilisation of resources 
in the internal operations of companies. In a number of instances the 
characteristics of the products have determined strategy, particularly 
with regard to R and D and Marketing. An example is the aircraft industry 
in which product development costs are so high that the ability to sustain 
it has made most companies pool their resources and also get a lot of 
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assistance from the Government. In Britain today both Rolls Royce and 
British Aircraft Corporation get a lot of financial assistance from the 
Government to me,et their development costs. 
To achieve commercial viability companies are having to pool their 
technological capabilities. This has brought together many companies to 
form huge corporations but they are big only in the national scale. When 
compared with the American situation - nearly 60% of the World t stop 
500 companies are in the United states - the British companies are still 
small. In every key industry, an American company dominates the rest. 
In chemicals Du Pont is the biggest, followed by I. C • I., Union Carbide 
and Proctor Gamble; in the automobile industry, the first three, General 
Motors, Ford and Chrysler, are American, followed by Fiat and Volkswagen; 
in rubber the top British company, Dunlop, is only fourth to Goodyear, 
Firestone and Uniroyal; in electricals the top three - General Electric, 
Western Electric and Westinghouse are American, with Philips of 
Netherlands next; in steel, the top two are American; in oil, standard 
Oil N.J. is the biggest, followed by the British Dutch company, Shell, 
So cony Mobil (U.S.) and B.P. (U.K.). The present day merger trend is 
aime,d at improving the, strength of the, companies within the country. 
During the latter half of this decade there has been a realization that 
joining with European companies may be one answer for British companies 
to nullify the advantages gained by the big American Corporations. In 
this, the Government has set the trend by cooperating with the French to 
build aircraft. Today it is aircraft. Tomorrow, it may be computers 
or automobiles. Cooperation with European companies opens up the possi-
bilities of designing production for a bigger market of 200 million, 
rather than a British market of over 50 million. 
5.3. THE 1970-80 DECADE 
The 1950-60 decade was termed as the period of reconstruction, the. 
1960-70 as one of consolidation, and if the present trends continue the 
1970-80 decade should be one of a leap forward. It has been mentioned 
elsewhere that mere extrapolation of present day trends is not going to 
tell us what the 1970-80 decade. will be like. It is to the environment 
that one should look for and this involves looking at social, economic 
and technological factors as they may be in the future. 
The first thing that comes to mind when social change is considered 
is education. The present day trends are already a vast :iJn;provement on 
the past and this expansion of education is bound to rise at a faster 
rate than before as universities expand and more of them come into being. 
The Robbins Report said that there may be a need for 507,000 places for 
full time higher education in 1980 compared to 195,000 in 1962, assuming 
present day conditions on entry (68). The need for higher education 
will be demanded by more people in society as the general standard of 
living goes up. Even if the living standards rise at present day rates, 
it is bound to reflect in an increase in discretionary power of spending. 
However, with the. present day conrrnitments on research and development, 
by both the Government as well as the companies, technological progress 
will really leap forward considerably. The use of computers is bound to 
escalate to such proportions that practically every company will have 
computers, their sizes varying according to the sizes of the companies 
using them. Already microelectronics and integrated circuitry are 
producing smaller, more compact and more versatile machines. With research 
on progra.mm:ing languages trying to s:iJn;plify man-machine communication by 
designing simple computer languages which can be understood by any normal 
person, computer usage will proliferate to such an extent that nearly 
everybody will be using the computer in some of his work some time or the 
other every day. The computers today work at fantastic speeds. Most of 
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them work on a single line of a programme at a time because of the 
presence of only one aritlunetic unit in the system. Research tod~ is 
being carried on to have more than one aritlunetic unit in computers and 
this will lead to computers working on more line.s at a time. and the. speed 
will increase. to as many times as the. number of aritlunetic units. At 
present in-putting data into the computer is very time consuming. Already 
optical sca.nn:ing devices are being used in Ame.rica. With the greater 
( 
research effort going on, optical scanning is bound to be nmch more conunon 
in the future. Once optical scanning machines are designed which can 
read the handwriting, the potential in terms of machine translations 
between different languages will present lots of opportunities to computer 
makers. From all accounts there is no doubt that computer usage will 
increase. Leavitt and Whisler in their now famous article (69) felt that 
information technology would reverse the trend toward decentralised manage-
ment. In his recent researches Whisler has shown that information tech-
nology has centralised control by looking at compensation paid to execu-
tives in the Insurance business (70). He also feels that discretionary 
power of an individual will be narrowed down as also his time. period to 
do jobs. His power ~ also be lost to the computer on the grounds of 
efficiency. The. tendency towards centralisation of de.cision making is 
already taking shape in the form of integrated Management Information 
Systems that many companies are building up to assist de.cision making in 
all areas of their companies. The idea of having these systems is to 
furnish all necessary information to executives along with the alternatives 
available in particular decision situations. Decision rules can also be 
programmed so that the computer recommends the. best choice to the decision 
maker. Thus routine decisions will be made by the computer leaving 
managers to do strategic thinking and since. this is top management t s func-
tion, decision making becomes centralised. In a w~ there is decentrali-
sation as well, but the discretionary power of the decision maker goes to 
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the computer. 
Better education and higher living standards are bound to increase 
the demand for newer products. These new products will result from the, 
technological progress achieved. Consumer spending has been growing 
continuously since 1950 and it will continue to do so in the seventies. 
The expenditure on primar,y needs - food, shelter and clothing - will 
continue to rise at the present rate. This would leave more money in the 
hands of the consumer and alert entrepreuners with a penchant for spotting 
new opportunities to develop new products and services. One result of 
higher living standards is going to be in travel. The holiday and air 
travel business is a potential growth area. Two present day de.cisions 
in this field reflect long term strategic thinking for the seventies. 
The first is the development of the jumbo jets and supersonic transports 
- the former expected to cheapen flights and the latter transmit passengers 
in record times between world capitals - and secondly, the decisions by 
some of the major airlines to diversify into the hotel business. These 
two together will help airlines to sell cheap package holidays all over 
the world. This is forward planning to meet the','.expected travel demand 
in the future. 
Good communication associated with good education is going to make 
buyers more discriminating in this decade. They will demand uniqueness 
in their products. To cater to this consumer goods makers will have to 
produce greater variety in their end products and since competition both 
external and internal are going to increase in intensity this will put a 
high premium on good management. Uniqueness in products coupled with 
competitive marke~ prices can only be achieved by greater standardisation 
in the basic components and variety in assembly, i.e. products with a 
variety of characteristics are producedlffrom the same basic components. 
Computers will play a key role in such systems. This would be a challenge 
to industrial goods industries who will have to supply these production 
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systems along with the necessary control systems. Decision making in 
production will move mor~ and more towards building up flexibl~ production 
systems. 
The tendency of workers to move towards the white collar jobs, which 
is prevalent now, will continue in the. next decade. 
How will the other decisions be affected in the 1970-80 decade.? In 
marketing decisions, market research will gain in importance much more 
than before. This is because with consumers becoming more selective, 
their tastes will have to be identified very carefully. This may entail 
a higher outlay on market research than before. Advertising will con-
tinue to be important and messages will probably stress the special 
qualities of the product much more than their functional features in the 
case of durable goods. In the case of industrial goods makers, constant 
monitoring of plans of consumer goods industries will be, very much 
prevalent. stress on delivery date.s and after sales servic~ by customers 
will be very much more in evidence and this will make companies within 
these industries modernise their own production systems. 
The competitive threats from American companies is bound to incre.ase 
in this de,cade. This is because. if the present day trends continue. in 
America it is quite possible that there will be. a saturation of home, 
demand for some. products there. This would make companies which are 
international at present much more global and companies that do most of 
their busines in America to look out£or new pastures in Europe and other 
countries. This will pose a new challenge to British and European 
companies. To overcome pressure from these sources British companies will 
ID3.ve, to go European. Milltinational companies which are in a position to 
me,et "this American challenge will have to obtain 
American investment in Britain and Europe has increase,d at a much 
faster rate than European investment in America. This will continue, to 
be so in the 1970-80 decade. unless European countries put a stop to American 
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investment. Of course this will not be in the best interests of 
European countries. American investment brings with it technology which 
is far too advanced compared to European standards and this accelerates 
the growth rate of European companies. Not only will companies become 
more European, but so will National Laboratories and Research Associations. 
Costs of research will go up to such an extent that each country in Europe 
will speciaJise in areas in which it is adept and this will lead to more 
European projects in which speciaJity contributions will come from each 
country. For Britain, entry into the European market is very vital 
indeed. To pay tariffs to enter European markets will be a great handicap 
as British companies will face competition from American as well as their 
European counterparts. Go it alone for Britain in the seventies does not 
make economic sense. If Britain is unable to join the E.E.C., British 
companies will have to set up manufacturing establishments in these 
countries or else buy up companies in their fields in Europe. 
Government pressure on industry may reach a point of saturation in 
the seventies. Once industry has restructured itself and rationaJised 
on products and production, Government's role would be to assist industry 
in all possible forms to withstand foreign competition. This is bound 
to lead up to a situation when Government pressure will ease off, but will 
create a climate in which industry can flourish more easily. In other 
words, Government will have to join industry to withstand the competition 
pressures. Quite a lot depends on whether Britain's balance of p~ents 
will be solved and again on what her national objectives, Le. what she. 
sees as her role in the. world in the. seventies, are. According to 
Ansoff (71) "the key note of the next two decades is change: growth of 
new products and services, expansion and restructuring of markets, and a 
redefinition of the firm's relationship with society.1t Fig.5.1 shows the 
gradual building up of government and competitive pressures on decision 
making systems. 
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SUMMARY 
This chapter has looked at decision making in the three decades 
1950-60, 1960-70 and 1970-80. The 1950-60 decade was one in which there 
was a rebuilding of industrial capacity and since demand was high, 
decision making was under less pressure from Government and competitive 
sources than in the 1960-70 decade when these pressures increased. 
Government and competitive pressures affected decisions regarding reorgan-
ization of industr,r. These pressures coupled with technological progress 
made bigger units more viable. The 1960-70 decade is one of consolida-
tion on the reconstruction that took place in the 1950-60 decade. 
Although big companies are being formed through mergers in this decade, 
their size may not still be competitive in the 1970-80 decade. Tech-
nological, economic and social progress is going to make consumers more 
discriminating. As such new products and their marketing will gain in 
importance. So also will travel so opportunities for the travel and 
holid~ business are being capitalised on by International Airlines. It 
will be a period of leap forward for British companies and this may 
extend to forming multinational corporations, most~ with European com-
panies to withstand the pressures of American competition. There may be. 
an easing off of Government pressures on industr,r. 
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CHAPI'ER 6 
THE MACHINE TOOL INDUSTRY 
6.1. BACKGROUND 
The first thing that contributed to the development of the machine 
tool industry as it exists today was the development of the steam engine 
by James Watt and the subsequent industrial revolution. The engines 
could not be built without accurately bored cylinders and the first 
machine tool was built in the late 18th century. As the power developed 
by the steam engine began to spin off new applications from new ideas, 
machines started being designed, and industries started building around 
these machines. The development of new machinery necessitated the 
design of machine tools to make components for the machinery. 
The present day econo~ of countries is so dependent on the perfor-
mance of their industries. The maintenance of plants and associated 
machinery to keep up an econonv today depends on the skill and competence 
of its mechanical engineering industry. Practically every other industry 
depends to a certain extent on the mechanical engineering industry. The 
machine tool industry is a very important part of the mechanical engineer-
ing industry. 
Production in every industry, be it the manufacture of cars or of 
cigarettes or of cloth, depends on the capabilities of its production 
systems. The machine tool forms an important element directly or 
indirectly in all these production systems. Since productivity in all 
industries depends on how efficient their production systems are, the 
machine tool industry has a lot to contribute by way of increasing 
national productivity and hence to general well being and prosperity. 
This is the reason why the industry is generally discussed more often than 
others in the Press and by politicians. The industry is also very 
susceptible to movements in the economic environment. Since machine 
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tools have a fair:q long life, it is quite easy for companies to shelve 
their investment plans for a period should the economic situation of 
the countr.y look gloornw. In an industr.y which has a ver.y high level 
of skilled manpower (near:q half), these fluctuations cause real flutter 
to companies in the industr.y. One problem that is face.d is that workers 
laid off at times when the economic situation is bad are not ver.y easi:q 
available when the econornw picks up again. This makes company manage-
ments ver.y cautious in laying off skilled workers as their non-avail-
ability in the future means training new workers, which consumes both 
time, and money at a time when companies have to meet deliver.y dates or 
lose orders. Many companies operate the middle course of retaining 
workers in the hop~ that orders would flow in and restore the status quo. 
This is not a ver.y efficient w~ of running companies and performance in 
the long run tends to be moderate compared to other industries. Users 
of machine tools are blamed for not being sympathetic to the industr.y's 
problems. This ~ be part:q true as user industries resort to imports 
if the deliver.y dates that they want carmot be met by local machine. tool 
makers. One can't blame the user industries because they have a respon-
sibility to their shareholders and customers, and so have to operate 
their systems as efficient:q as possible. These and other problems will 
be discussed subsequent:q. 
6.2. THE INDUSTRY SET-UP 
The machine tool industr.y consists of more than 300 companies, 
including sub-contractors, and their sizes range from companies employing 
less than 25 people to more than 7000 people. In terms of turnover, 
there are companies with sales of a few thousand pounds to about £22 
million for a company like Alfred Herbert Ltd., which is th~ biggest 
machine tool manufacturer in the world. Amongst these are both public 
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and private companies. The biggest family owned business is H.W. 
Ward. In addition there are some companies which are subsidiaries of 
major American machine tool makers, the biggest being Cincinatti 
Milling Machine Co • Geographically, the Midlands produces nearly 30% 
of the output. Since 1959, a spate of mergers has taken place so that 
today more than 70% of the production is in the hands of the 11 largest 
groups:- Herbert - B.S.A., Staveley, Tube Investments (which took over 
the Charles Churchill Group of Companies in 1966), Elliot, Coventry 
Gauge, Newall, Wadkin (their main products are woodworking machinery 
although they are diversifying in the metal cutting area in a signifi-
cant way), Wards, Jones & Shipman, George Cohen Group and John Brown 
(their machine tool interests are Wickman). Staveley, George Cohen, 
Tube Investments and John Brown have other interests besides machine 
tools. These groups control roughly 32,000 employees out of approxi-
mately 60,000 in the industry and roughly control around £100 million of 
output or 72% of the total (72). B.S.A.ts machine tool interests were 
taken over by A. Herbert to form Herbert-B.S.A. A. Herbert has com-
bined with an American specialist manufacturer of transfer machines and 
complete customer designed production systems to form a company -
Herbert-Ingersoll - which is expected to employ about 600 people. 
American subsidiaries produce around 10% of the output and small private 
units produce the rest. 
Table 6.1 shows details of sizes, level of employment in the metal-
working industries. The machine tool industry in 1959 employed about 
47,500 people compared to 60,000 today. A look through Table 6.1 shows 
that the numbers of all companies of all sizes have increased except in 
category (C) where the number has reduced from 42 to 35 between 1947 and 
1955. Another rather significant factor that emerges is that although 
the numbers of small companies employing less than 50 to 199 people 
have increased between 1947 and 1955, their levels of employment have 
fallen. 
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TABLE 6.1 
METAIWORKING INDUSTRY (STRUCTURAL DETAILS) 
i 
Number of I I ; Cate- Average No. 1958 output Number of ~ Number of 
! gory Employed firms in I Employed firms in : Emp10led firms in Employed ! £ millions 1935 1947 1955 I Nos. i % i Nos. % Nos. % 
A . Less than 50 : 5.9 48 l422 6.7 104 3620 7.9 110 2662 4.3 
B 50 - 99 6.7 28 2124 10 38 3610 7.9 50 3485 5.7 
~ . 100 - 199 8.7 23 3064 14.6 42 7380 16.3 35 4850 7.9 
ij 200 - 299 10.7 II 2713 12.9 13 4100 9.1 22 5195 8.5 
:e: 300 - 499 19.8 3 1221 5.8 13 6340 14 21 • i 24 9381 15.3 
E 500 - 749 16.1 3 1846 8.7 :3 2240 4.9' 13 8275 13.5 
G 750 and over 65.4 7 8691 41.3 II 18050 39.7; 15 27583 44.8 
! 
133.5 123 21082 1100 
I 
224 45340 100 269 61431 100 
Source: A. Irvine 
-
'Machine· Tool Industry' 
-
Investment Ana~st. 
The numbers of medium size companies have increased since 1937 and 
so also have their employment levels. This is also true of the bigger 
companies which have shown big gains in emp+oyment indicating the trend 
towards bigger units. Since 1959 this trend has continued as competi-
tion and Government pressure have brought about the realization that 
bigger units are more viable and have inherent advantages. 
Between 1935 and 1947, the industr,y more than doubled in size in 
terms of employment. The workers who joined this industry during this 
period dispersed themselves amongst all group sizes. Though the 
majority in terms of numbers went to the categor,y (G), employing 750 and 
over, the share of this category dropped in fact between 1935 and 1947 
from 41.4% to 39.7%. The most significant rise was in categor,y (E), 
from 5.S% to 14.2%. In the 1947 case, there is no evidence of any 
tendency for the concentration of the proportions of workers employed 
towards the large group sizes. This would indicate that there was 
apparently no conscious effort towards the formation of bigger units 
based on economies of scale calculations. By 1955, there was apparently 
a change in attitude to the formation of bigger units because the per-
centage of workers employed in the larger group sizes increased between 
1947 and 1955 in all categories employing more than 300 persons. 73.6% 
of the workers employed in the metalworking industr,y were working in 
companies employing more than 300 persons in 1955, as against 5S.S% in 
1947 and 55.S% in 1935. 
From the 1955 and 1963 Census of Production figures, the present 
day set up of the industry in terms of distribution of employees amongst 
different categories emerges and is shown in Table 6.2. This is a much 
more detailed representation and the output per head in each category is 
also shown and in all categories output per head has registered an 
increase. One can say that efficiency of the industr,y amongst all sizes 
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TABLE 6.2 
METAIWORKING MACHINE TOOLS - ANALYSIS 
BY SIZE OF ENTERPRISE (1228 and 126;2l 
Firms employing 22 or more persons 
Average number Number of Number of Emplo~ees Net Output Net Output per person employed by the EnterI2rises i 1958 % I 1963 % 
enterprise in Number [Number 1958 1963 employed 
the industry. 1228 196;2 I I 1958 1963 I I 
25 - 49 40 27 1462 2.5 980 1.6 1497 1299 1024 1325 
50 - 99 50 58 3485 5.8 4059 6.0 3631 5351 1041 1318 
100 - 199 35 39 4850 8.0 5293 7.7 4732 7341 976 1387 
200 - 299 22 19 5195 8.3 4465 6.5 5183 7203 998 1613 
300 - 399 17 11 6043 10.0 3780 5.5 6813 4917 1127 1301 
400 - 499 7 13 3338 5.5 5706 .8.4 3890 7214 1165 1264 
500 - 749 13 11 8275 17.7 ' 6774 9.8 7748 8698 936 1284 
750 - 999 4 8 3296 5.5 6987 10.2 : 3838 9137 1164 1308 
1000 - 1499 3 3 3585 6.0 3594 ' 5.3 3348 5446 934 1515 
1500 & Over 8 9 20707 34.7 26598 ,39.0 i 23500 39629 1135 1506 
TOTAL: 199 198 60236 100. 68236 100. ! 
, I 64182 96235 1065 1410 
Source: Census of Production for 1958 Part 43 
Census of Production for 1963 Part 42 
of companies has improved between 1958 and 1963. Good use was made 
of the increased manpower - overall employment in the metal working 
machine tool industry increased from 62,300 to 71,100 between 1958 and 
1963, a rise of 14% compared to a 3% rise between 1954 and 1958 - in 
this period. Whereas 46.2% of workers in the industry worked in 15 
enterprises employing more than 750 workers in 1958, 54.5% of workers 
worked in 20 enterprises with more than 750 workers in 1963. Since 
the number of enterprises in firms employing more than 25 persons 
decreased from 199 to 198 during the same period, it is quite evident 
that amongst the 5 new enterprises in the above 750 workers league, 5 
were new entrants from the (500-749) category to the (750-999) category 
and 1 company from the latter as well as the (1000-1499) category moved 
up the scale by taking in more people to work. The industry! s biggest 
companies also employed more'pe,ople on an average - the. average number 
of workers amongst the biggest companies in the industry rose from 2588 
to 2954. From what has been seen so far, there is ample evidence that 
production in the 'industry is concentrating around a few big companies. 
This is substantiated by the present d~ trend towards bigness and as 
has been mentioned earlier, more than 70% of production tod~ is in the 
hands of 11 groups. 
Although the net output per head of the U.K. machine tool industry 
has improved between 1958 and 1963, productivity of the machine tool 
industries in the United states, Germany, France, Italy and Japan has 
shown greater gains (according to a study undertaken by Che.sham Amalga-
mations and Investments Ltd. (73)}. This shows that output per employee 
in 1964 for West Germany was 2455 compared to 3720 in Italy, 3520 in 
. France and 7760 in the United states in 1963. Table 6.3 below shows 
output per employee in these countries between 1950 and 1964. 
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TABLE 6.3 
Productivity Comparisons 
Output per Employee (£) 
1220 126ft 1220 122.2 1262 
France 1110 3520 U. S. A. 4750 7760 
Italy 1280 3720 U. K. 472 1410 
West Ger:m.a.ny 500 2455 
Source: Chesham Occasional Paper No. 4 and 
Census of Production 1963 (42), H.M.S.O. 
The Chesham study also compared average turnover against average 
number of employees and these are as shown below: 
TABLE 6.4 
Average size comparisons of firms in 
the Machine Tool Industry (1964) 
U.K. U.S. West 
GermanY· 
Italy France Japan 
Average turnover £'000 404 
Average No. of employees 316 
540 
220 
196 
53 
f This value is an estimate. 
330 
94 
820 
Here again, the average turnover in comparison with other countries seems 
to be very moderate. The U.S. and West Germany have around 500 companies 
and with a lower pool of workers on average have a much better turnover. 
rate. There is ample scope for improvement to the U.K. machine tool 
industry and the present day organizational changes may in the. future 
improve productivity very considerably. To extract more out of a worker 
to improve productivity he has to be assisted with machinery that is 
modern and more productive at faster rates. Capital expenditure on plant 
and machinery in the industry rose from £2.948 nd.llion to £5.190 nd.llion, 
an increase of more than 43%. 
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Another important factor in the industr.yts employment situation is 
the number of skilled workers in the industr.y. Table 6.5 shows the 
industr.yt s main categories of employment. 
TABIE 6.5 
Main Categories of Employment (1963) 
CATEnORY PROPORTION IN ,PROPORTION IN ALL THE INDUSTRY 'MANUFACTURING 
% : INDUSTRIES % 
Males 
Females 
Administrative, technical 
and clerical workers 
Skilled operatives 
other employees 
85.2 
14.8 
26.6 
48.8 
24.6 
68.1 
31.9 
23.9 
25.5 
50.6 
Source: Manpower studies No. 2, Min. of Labour 
(H.M.S.O. 1965) 
The survey by the Ministr.y of Labour amongst 89,000 workers in 
1963 revealed that amongst the skilled category were 
1) Other fitters, fitter assemblers and erectors 
2) Other skilled machine tool operators 
3) Turners 
4) Machine tool setters and setter operators 
5) Toolmakers and toolroom fitters. 
10,000 
9,000 
5,000 
4,000 
4,000 
Most of the skilled operatives are ver.y vital to the industr.yt s 
performance. They are very useful in other industries as well, so 
that retaining them against the lure of high wage industries like the 
automobile industry is a difficult proposition unless wages are 
commensurate. The need for more accurate machines may need high calibre 
machine setters, while the development of modern machinery with automatic 
controls may reduce the importance of machine fitters; for example, 
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semiskilled operatives may turn out to be as good on the near automatic 
machines. The development of the need for more complex systems and 
the design of these systems may contribute to alter the labour mix in 
the future. In a wa;j", the machine tool industry which is so susceptible 
to skilled worker dictation must strive to introduce as much of auto-
mation and the use of complex machinery as is possible so that dependence 
on skilled workers is reduced considerab~. In the engineering 
industries during the last decade, there has been a change in occupational 
patterns from skilled occupations towards the white collar variety. In 
Government statistics, the machine tool industry comes under the 
Engineering and Electrical Goods sector and a Ministry of Labour stuQy on 
occupational changes between the 1951 - 61 decade for this sector, shown 
below, clearly indicates this trend. 
TABIE 6.6 
ENGINEERING & ELECTRICAL GOODS SECTOR 
OCCUPATIONAL CHANGE PATTERNS (1951-61) 
(1) Proprietors, managers, adminis-
trative and executive staff. 
(2) Clerical and Allied 
occupations. 
(3) Professional and technical 
occupations (Higher) 
(4) Professional and technical 
occupations (Lower) 
(1) to (4) All 
(5) Skilled manual occupations 
(6) Semiskilled manual 
occupations 
(7) Labourers and unskilled 
(5) to (7) All 
(1) to (7) All 
No. 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
1951 
1961 
of Employees 
67.3 
121.5 
223.4 
347.0 
29.3 
73.9 
71.1 
112.4 
391.0 
654.8 
762.7 
842.4 
346.6 
436.7 
192.5 
233.7 
1301.9 
1512.8 
1692.9 
2167.6 
Source: Occupational Changes 1951-61, Manpower Studies No.6, 
Ministry of Labour (H.M.S.O.). 
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% 
4.0 
5.6 
9.3 
10.4 
1.2 
2.3 
1.9 
3.4 
23.1 
30.2 
45.1 
38.9 
20.5 
20.1 
ll.4 
10.8 
76.9 
69.8 
100.0 
100.0 
In the rise of the professional and white collar share from 23.1% 
to 30.2% of particular significance has been the near doubling of its 
share by professional and technical staff. This and the marginal 
increase in the share of the executives and managers, tends to show that 
management has come to realize that better results could be achieved by 
having well trained and educated personnel, both professional and business. 
It is possible that other factors like the need for more professional 
people for the electronics industr.y and the necessity for technical people 
to design and maintain the new automatic production systems ~ have 
contributed to this sector having a movement towards the professional and 
managerial occupations from the skilled and semi-skilled occupations. 
The Mitchell Report on the Machine Tool Industr.y (74) really brought out 
how under equipped the industr.y was in terms of qualified engineers and 
scientists compared to other industries. (See Table 6.7) 
TABLE 6.7 
Number of Qualified Engineers and Scientists as a 
Percentage of the Total Number of Employees in the 
Industry. 
Employed for all 'Employed on Research 
Industr.y Purposes and Development 
% % 
(1) Oil Refining 7 2.3 
(2) Chemical & Allied 3.7 1.8 
0) Aircraft 2.7 1.4 
(4) Heavy Electrical 2.3 1.2 
(5) Electrical Engineering 2.2 1.25 
(6) Electronics 2.1 1.4 
(7) Precision Instruments 1.7 1.0 
(8) Plant.,and Machinery 1.5 0.39 
(not electrical) 
(9) Machine Tools 1.3 0.29 
(10) Marine Engineering 1.1 0.32 
Source: Board of Trade: The Machine Tool Industr.y - H.M.S.O. (1960) 
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The Mitchell Report went on to stress the paucity of graduate 
engineers in the industry and pointed out that the ratio of drawing 
office personnel to total number of workers in the U.K., Germany and 
Switzerland as 
% 
United Kingdom 3.0 
Germany 6.6 
Switzerland 7.2 
U.K. did not compare favourab~ at all. Since the Report, a lot has 
been done by the Industry which now provides design scholarships and 
graduate apprentice schemes. These will help in the future in the 
development of products and production systems that will boost the 
overall performance of the industry. 
There is a need to improve the output per employee for the British 
Machine Tool industry if the performance which the industry is capable 
of is to be achieved. This can result o~ if more is taken out of the 
vast proportions of skilled workers in the industry. More can be taken 
out of these workers o~ if the capital investment per head is substan-
tia~ increased - the industry could use more of its sophisticated 
n. c. machine tools for a start - and is backed by high calibre middle 
management and designers. The technical and manpower capabilities of 
an organization are a surer bet against environmental changes that 
affect the organization's stability. One company which is hoping to 
achieve a high output per employee is the new Herbert-Ingersoll combine 
which with a skilful dispersal of high cost capital equipment amongst 
well trained technical manpower is hoping to achieve an output per man 
of £8000 per year, which is far ahead of the average for the industry. 
There is a need for more companies to be similarly organized. 
Another factor also needs comment. The clamouring for economies 
of scale leading to bigger units is very much in evidence in the machine 
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tool industry today, as it is elsewhere in British industry. It has 
to be remembered that mere acquisition of small companies and forming 
into holding companies will not necessarily achieve economies of scale 
unless the production systems themselves are organized to achieve 
economies. This may in some cases involve shutting down plants and 
moving them elsewhere, lock, stock and barrel. Social complications 
may arrest the efficiencies hoped for in the short term. However, in 
'the long term, things should smooth out if management is fairly under-
standing of the problems involved. There is a need for a strategy 
which considers geographical, social and financial problems before 
embarking on take over of smaller companies. Objectives of the combine 
should be clearly spelt out in the beginning and management should make 
its decisions in such a way that social complications are minimised in 
the achieving of objectives. Retention of morale is very important if 
worker motivation has to be maximised. One of the machine tool groups 
- Staveley Machine Tool Co. - has achieved this by taking over certain 
machine tool concerns in the North West, located not far from its own 
bigger plants. It has shut down one of its plants and transferred all 
work and machinery to its main plant in that region, thus minimising 
workers moving away from their own preferred environment, and achieving 
in the process scale economies in their production. 
6.3. THE PRODUCTS 
The products of metalworking industries come under two categories:-
1) the metal cutting machine tools, 
2) the metal forming machine tools. 
The metal cutting machine tools are those which generate TchipsT 
through cutting metal out of bar stock to shape it to size. The metal 
forming machine tools shape metals by the use of force, forming them 
into size using dies. Quite a number of jobs can be done using either 
forming or cutting tools. There is a lot of flexibility among metal-
working industries because the same machine tool can be used to perform 
different tasks on a variety of products. Possibilities for substitu-
tion exist between different machines as in a number of cases the same 
task can be performed on different machines. This substitution capa-
bility is what is causing managements worry nowadays. The most famous 
study on component statistics of Prof. Opitz (75), of Aachen Technische 
Hochschule amongst machine tool users in Germany showed how under-
utilised machine tools were and the overall conclusion was that machines 
were over designed. They had a lot of extra capacity which was 
unnecessary as far as the majority of jobs they produced were concerned. 
In Britain, too, studies of this type have be.en done (76) and focus sed 
attention on the under-utilisation of machine tools. New design ideas 
for machine tools which are economic~ justified have been suggested 
by Moll (77). Such machine tools are single operational made from 
standard components and designed in such a way that they don't occupy 
very much floor space, so that there is a saving in overall capital 
expenditure. What Moll reconunends is that the user should exploit the 
full technical capacity of the machine tool while the machine tool 
maker should design the machine in such a way that the technical capacity 
is limited with a resultant overproportional reduction in price. In 
terms of using such machine tools and saving on capital expenditure, 
industry has not been particularly progressive, so that except for odd 
instances, these ideas have not been incorporated in new machine tools. 
This is because of the conservative attitude of user industries who only 
see the multifunctional facilities of the over capacity machine, com-
pletely ignoring the economic aspects of the problem. This was very 
much in evidence as this particular issue was raised during interviews 
with executives in the user industries as well as amongst machine tool 
makers. The latter felt that these new ideas were conceptu~ very 
good. However, in the machine tool market the user was only interested 
in machine tools which were familiar to him. The user industry 
I 
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executives felt that not enough information in terms of detailed 
economic justification was forthcoming from the machine tool makers. 
Also, there was only marginal saving from the cost point of view and 
they would rather have the extra functions with the marginal extra 
expenditure involved. The :Unportance of this concept of Moll will be 
developed when the product market strategy for the industr.y is 
discussed in later chapters. 
The main products of the metal cutting machine tool industries and 
of the metal forming machine tool industries are listed in Table 6.8. 
This also gives the output by value so that the relative :Unportance of 
each product area can be recognized. A wide variety of machine tools 
of different specifications in each categor.y is available. The machine 
tool for a particular manufacturing system has to be ver.y carefu.lJ.y 
selected. The characteristics of the components to be made and the 
amount of machining to be done on them and the speed with which they are 
to be manufactured determine which machine tool is to be bought in a 
particular situation. Machine tool usage is so wide~ dispersed in 
industr.y that they are used to make small set screws as well as pro-
pellor shafts for ships. The size of the part to be made determines 
the size of machine to be used. Work to be performed on machine tools 
can be identified by:-
a) the geometric shape required, 
b) the dimensions of the work, 
c) the accuracy wanted, 
d) the number of pieces of the work required, and 
e) the hardness of the material machined. 
The right machine is selected from amongst the hundreds of specifica-
tions available. The organization in the machine tool industr.y used to 
be ver.y much product orientated. For example, lathes were considered as 
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TABlE 6.8 
OUTPUT BY TYPE OF MACHINE TOOL 
Metal Cutting Machine Tools: 
! Manufacturers r Total Deliveries! 
I Value £000 .. I 1963 I % ! 1964 %: 
Boring Machines I 7219 9.0 7692' 8.4 ! 
----------------------------~------------~-----------:: 
Broaching Machines I 820 1.0 877 1.0 I 
Drilling Machines t 4715 5.8 5649 6.2 
Gearmaking and finishing machinesl 3440 4.2 i 4991 
Grinding Machines 114335 , 17.8 15418 16.9 
Lapping and Honing machines I 45 0.5 32 0.5 
Milling Machines \10556 13.0 
I 
I 11338 
Planing, Shaping and Slotting il 
________________ ~ma~chi;·;n~e~s ____ ~~~---'~--~~~--~2~.2~.: 
Sawing & Cutting off machines 1. 0 1.3 
------------------------~-----------:-----------'I 
Screwing and Threading machines 
Transfer machines, Unit heads 
and Specials 
Turning machines 
Others 
Spare Parts 
TOTAL 
869 1.0 
5276 6.6 
129418 36.6 
180274 1100 
i I 
1199 1.3 " 
4504 4.9 
I 29771 32.3 
5021 5.5 
1492 1.6 
I 91113 :100 I 
Metal Forming MaChine Tools: 
Presses: Hydraulic 
Other Presses 
Punching, Shearing Machines 
Wire bar, pipe and tube 
working machines. 
Automation and Ancillary 
Others (metal forming) 
Parts for metal forming 
machines 
Total (metal forming) 
other metal working 
machine tools 
TOTAL for all metalworking 
products 
Manufacturers r 
Deliveries Value £000 
1963 1964 
11806 3740 
9088 
5847 4262 
17653 
16381 
114308 
2721 
930 
3277 
294 
24332 
5968 
321393 
Alfred Herbert specialities, heavy machine tools as Asquithts strength, 
bar automatics used to be associated with B.S.A. and Wickmans; Churchills 
used to be associated with gear cutting, Colchester and Ward with lathes, 
etc; Cincinatti with milling machines etc. This is now changing as 
co~anies with different specialisms are merging and the resources of 
the bigger organizations are deployed to sell a wider range of products. 
The presence of numerical control and its ability to smooth out production 
in a number of machine tools has led to the design of a single machine 
performing different functions - the machining centre - so as to best use 
the capabilities of costly numerical control systems. Whereas in the 
early stages numerical control used to be added to machine tools and 
then made co~atible to each other, nowadays machine tools are being 
designed around the principle of numerical control. The objective these 
days is to use numerical control as effectively as'_possible. Machine tools 
today are available with a number of options - plain machine tools, machine 
tools with numerical control, machining centres in which n. c. forms an 
integral part, and lastly, complete production systems which consist of a 
number of different machines performing varied functions combined together 
with handling facilities to transfer jobs from station to station so that 
at the end of the line, the finished co~onent reaqy for assembly, comes 
out. Here numerical control is used to automate the whole operation so 
that with a minimum number of operators, a continuous production lin~ is 
maintained. Th~ development of such production systems has also contri-
buted to co~anies with different product interests coming together to 
pool their know how in the design of such systems. 
The most widely used machine tool is the lathe and its different 
modifications. In 1963 and 1964, they had a 36.6% and 32.3% share of 
the total production. This was followed by the grinding machines, milling 
machines and boring machines, in that order. This usage trend is not 
going to be affected very much in th~ future. The threat to the metal 
'" . 
cutting machine tools comes more from the metal forming machine tools 
which are increasing their share of the total machine tool market. 
Technological advances have contributed to the development of the metal 
forming industry and the trend of their increasing usage is not 
restricted to Britain alone, but to other countries as well (see Table 
6.9). Germ.a.ny and France seem to be using metal forming very much 
more than the United states or the United Kingdom. 
6.4. THE MARKET FOR MACHINE: TOOLS 
The world machine tool production in 1966 was estimated to be S5.5 
billion, including production in Russia and China. Five countries were 
responsible for three fourths of ~his output. The United states had 
31%, West Germ.a.ny 16%, Soviet Union 15%, Great Britain 8% and Japan 4%. 
The estimated world production of machine tools more than doubled between 
1955 and 1965 and Table 6.10 shows the total world production and share 
of each of the major machine tool producers. A cursory glance at the 
Table indicates the strength of the American machine tool industry which 
has the support of a giant industrial superstructure. The American 
share of production has never reached its stature of the mid 1950s, 
although it is tending to pick up due to a buoyant econoII\V and a war 
effort for which the industry happens to be very important. In fact, 
the present need for machine tools in America has led to much increased 
imports. 
in 1966. 
The imports rose from S56.3 million in 1965 to SllO million 
Though imports of machine tools into the United states are 
very small compared to the size of the industry, there is a lot of 
competition for these imports from West Germ.a.ny, U.K. and Japan. West 
Germ.a.ny, the second most important producer of machine tools, increased 
its share gradually till 1962, after which it has stabilised around a 
16% share. The U.K. share of world production had remained fairly con-
stant till 1962 after which it started dropping, and has picked up again 
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TABIE 6.9 
SHARE OF METAL CUTTING AND METAL FORMING TOOLS 
U. K. U. S. A. W. GERMANY FRANCE 
Cutting Forming Cutting Forming Cutting Forming Cutting Forming 
% % % % % % % % 
1954 84 16 78 22 73 27 64 36 
1955 82 18 75 25 70 30 62 38 
1956 83 17 75 25 72 28 62 38 
1957 82 18 75 25 72 28 67 33 
1958 79 21 74 26 69 31 63 37 
1959 79 21 77 23 67 33 62 38 
1960 78 22 78 22 67 33 62 38 
1961 76 24 77 23 67 33 61 39 
1962 77 23 80 20 67 33 64 36 
Source: Comitll European 
in 1966. In terms of volume, Russia produces nearly the same amount 
as West Germany. Russian and the East European countries' share is 
also stabilising around the 25% mark after having had a boom between 
1958 and 1960. The present Russian trend towards building up a huge 
car industr,y is bound to reflect in bigger home production of standard 
machines and some special machines and higher imports of sophisticated 
numerical control and mass production equipment from countries in the 
West and Japan. In terms of consumption, the Russian share is bound 
to increase in the near future, and some British co~anies making 
special machine tools for the automobile industr,y have alreaqy got some 
big export orders lined up. 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
TABLE 6.10 
ESTIMATED WORLD PRODUCTION OF MACHINE TOOLS 
1955-1965. 
Value % Share 
S M. U.S.A. West Germany U.K. 
2432 40.6 14.1 8.7 
2983 43.4 14.0 8.0 
3107 38.4 14.6 9.0 
2646 23.7 15.6 9.0 
2726 24.1 17.3 8.5 
3285 24.0 17.2 8.1 
3818 20.8 18.6 8.8 
4274 20.0 19.5 8.9 
4440 20.9 16.7 7.3 
4700 24.4 16.2 n2 
5340 25.6 16.2 7.4 
5500 31 16 8 
i USSR and 
E. Europe 
22 
20 
23 
30 
31 
30 
27 
26 
27 
27 
27 
25 
SOURCES: 'American Machinist', o .E.C .D., E.D.C. of N.E.D.C. 
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Production of machine tools in the U.K., U.S., and Germany can be 
better appreciated and the picture will be more complete if their export, 
import records are studied. 
Table 6.ll shows the export share of West Germany, U.S.A., U.K. and 
others for the last decade in trade in machine tools between ten leading 
countries, excluding Russia. 'Ihe predominance of Germany in exporting 
machine tools is amply brought out by her cornering more than 30% of 
the trade since 1955. As it was seen earlier in Chapter 3, Germany has 
consistently improved its exports in practically all industrial goods 
connnodities. In the machine tool field in particular they have done 
remarkably well. The United states has slowly lost its share of the 
world market to the Germans. 'Ihe U.K. has maintained its share around 
12% between 1955 and 1965. They have had a big drop in 1966. As it 
was observed earlier when British exports were discussed, her share of. 
world exports has been dropping from the dominant position she once held, 
controlling so much of world trade. 'Ihe machine tool industr,y has 
performed fairly well over the last decade. 'Ihe important thing for 
the industr,y to realize is that there is so much potential for it in 
the world market that a proper assessment of the market coupled with the 
right product decisions would benefit the industr,y considerably. To 
arrive at th~ right technological decisions is most important. 'Ihe 
right technological decisions would result in the products sold in the 
world markets having an edge over others in terms of sophistication and 
customer appeal. For the machine tool industr,y, this means a product 
backed by good design and research and meeting varied customer require-
ments. Amongst other countries that have a sizeable export market is 
Switzerland, which nearly exports all machine tools it producest In 1965, 
she exported 85% of her production and in 1966, she sold 79% of her output 
in the world markets. 'Ihe Japanese machine tool industr,y has not been as 
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TABLE 6.11 
TRADE IN MACHINE TOOLS BY 10 LEADING COUNTRIES 
1955-1966 
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 
Value tm. 411 481 603 560 551 691 1021 1071 967 1038 1063 1132 
% of Total 
West Germany 31.2 33.0 33.2 35.5 36.5 32.5 35.3 33.4 38.1 33.3 32.6 39.8 
U.S.A. 30.4 29.5 30.4 29.5 26.3 30.4 30.0 29.2 20.1 25.7 22.7 20.1 
U.K. 12.8 12.2 12.7 11.7 11.5 11.4 9.2 10.0 13.0 12.4 13.2 8.6 
Switzerland 10.9 10.1 9.7 9.3 10.8 10.0 8.7 8.4 9.1 9.1 9.8 10.9 
Italy 3.6 4.0 4.1 4.5 4.8 5.2 5.6 6.7 6.5 6.4 7.6 7.4 
France 4.2 3.8 3.5 2.4 4.7 4.9 5.0 6.1 6.1 5.6 6.0 5.8 
Sweden 2.8 3.3 2.9 3.6 1.9 2.0 2.5 2.1 2.3 2.2 2.0 2.8 
Belgium-Lux 2.3 2.3 1.9 2.0 1.9 1.7 1.8 2.0 2.0 1.8 2.0 N.A. 
Netherlands 1.0 1.2 0.9 1.0 1.0 0.9 1.0 1.2 1.2 1.2 1.2 0.6 
Japan 0.8 0.6 0.7 0.5 0.6 1.0 0.9 0.9 : 0.9 2.3 2.9 4.0 
Source: o E C D Trade Statistics, E C D of N E D C and American Machinist. 
successful in the world markets as her other industries. She is a 
net importer of machine tools. Between 1965 and 1966 there has been 
a significant increase in the Japanese share and it is expected that 
Japan will soon enter the export markets in a big wa:y in the future. 
The export import patterns of the main machine tool producing 
countries is shown in the Table below. 
U.K. 
U.S.A. 
w. GERMANY 
JAPAN 
TABLE 6.12 
MACHINE TOOL EXPORTS AND IMPORTS AS PERCENTAGES 
OF PRODUCTION (1960-1964) 
1960 1961 1962 1963 
EXPORTS 30.6 30.3 33.0 39.4 
D1PORTS 25.3 28.6 25.1 27.1 
EXPORTS 14.3 20.9 20.3 13.9 
D1PORTS 2.8 2.6 2.6 3.0 
EXPORTS 46.0 ! 49.3 47.0 53.6 
D1PORTS 13.2 , 14.3 14.2 9.1 
EXPORTS 3.5 2.9 2.6 4.5 
D1PORTS 43.5 47.5 47.3 24.0 
1964 
38.0 
31.3 
15.8 
2.2 
51.5 
10.1 
7.1 
23.5 
. SOURCE: Chesham Occasional Paper No. 4 by Chesham Amalgamations Ltd. 
Compared to exports, German imports are very small and even smaller 
is the U.S. proportion of imports relative to exports. Britain maintains 
a small positive balance between its exports and imports. British imports 
of machine tools have bee.n rising and this positive balance has been 
tarnished in 1966 when imports (£38.3M) were higher than exports (£35.5M) 
for the first time since 1956. 
There seems to be some sort of relationship between imports of 
machine tools and the size of machine tool industries in various countries 
with imports as a percentage of hom~ deliveries increasing with decreasing 
size of the industry. This is very evident looking at Table 6.13. 
U.S.A. 
w. Germany 
U.K. 
France 
Italy 
Switzerland 
Sweden 
Belgium 
Denmark 
Austria 
TABLE 6.13 
IMPORTS AS % OF HOME DELIVERIES 
Average 1961 - 1965 
Imports as % of 
Home Deliveries 
5.2 
19.0 
38.1 
54.4 
81.0 
138 
1920 
381.0 
315.0 
465.0 
Home Deliveries Average 
1961-65 
$m. 
757 
421 
229 
162 
100 
27 
16 
6.8 
4.0 
4.0 
From Machine Tool E.D.C. - Long Term Demand for Machine Tools 
H.M.S.O. - 1967. 
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SUMMARY 
This chapter looked at the background of the machine tool industry 
its organization, its products and its markets. The industryf s 
importance as a contributor to increasing productivity and thence to the 
general prosperity of the country was stressed. The industry set up 
since before the war was discussed and the emerging trend towards bigness 
with the passage of time stressed. Productivity of the industry in 
international terms showed the industry as lagging behind those of other 
industrialised countries. The importance of skilled workers to the 
industry and their high proportion of employment was brought out. The 
tendency of skilled workers moving to white collar jobs in engineering 
industries was pointed out and the efforts since the Mitchell Report to 
:iJnprove the content of qualified technical persons mentioned. The 
variety of products that such a small industry provides shows the 
versatility of metalworking generally and the substitution possibilities 
that exist. The trends towards new products based on component statis-
tics and industry's and users' poor response to these new products 
discussed. Finally the market for machine tools was discussed and 
Britain's performances compared with those of other countries. 
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CHAPTER 7 
MACHINE TOOL USER INDUSTRIES 
7.1. DISTRIBUTION AND AGE STRUCTURE OF MACHINE TOOIS 
They form the main environmental factor to decision makers in the 
machine tool industry. Attitudes and policies of user industries have 
a lot of bearing on the decisions of the machine tool industry. The 
biggest machine tool users are the metal industry and the motor vehicle 
manufacturers. Other big machine tool buyers include the. electrical 
engineering and mechanical engineering industries and also aircraft 
manufacturing and the watch and scientific instrument makers. Table 7.1 
shows the machine tool holding (in numbers and not in value terms) amongst 
the users with the metal cutting as well as metal forming shares separ-
ately shown. Also shown is the percentage of machines for every hundred 
employees. The engineers small tool and gauges with 67.5 and the other 
mechanical engineering sector with 57.4 per hundred employees have the 
best records in terms of holding in machine tools. These were the 
findings of a survey conducted by 'Metalworking Production' (78). Amongst 
its other findings were that: 
1) Six out of ten of every ten machine tools used in production 
engineering factories were at least 10 years old. 
2) Metalforming machines were on an average slightly newer than 
metalcutting machines. (61% of the former were at least 10 
years old compared to 63% of the latter). 
3) Only 12% of all machine tools were of foreign manufacture. 
In terms of value import·ation would be higher than 12%. 
4) Britain compares favourably with both the United states and 
France in the age structure of her machine tools. 
5) Between 1961 and 1965 though the proportion of machine tools 
over 10 years old decreased from 41% to 38%, the 
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TABIE 7.1 
MACHINE TOOLS IN METAL-WORKING INDUSTRIES 
INDUSTRY METAL CUTTING METAL FORMING TOTAL MACHINE TOOLS MACHINES PER 
UNITS % 100 EMPLOYEES 
Agricultural Machiner,y 10,210 1,932 12,142 1.1 36.2 
Metalworking Machine Tools 34,452 1,021 35,473 3.1 48.2 
Engineers' Small Tools and Gauges 41,761 2,903 44,664 3.9 67.5 
Industrial Engine 8,449 408 8,857 0.8 21.8 
Textile Machiner,y 20,424 1,572 21,996 1.9 43.2 
Contracting Plant and Quarr,ying 5,652 713 6,365 0.6 22.6 
other Machiner,y 143,999 17,730 161,729 14.2 34.6 
Industrial Plant and Work 25,309 4,572 29,881 2.6 20.6 
other Mechanical Engg. 107,785 10,242 118,027 10.4 57.4 
Watch and Scientific Instruments 48,702 5,238 53,940 4.7 36.5 
Electrical Machiner,y 34,471 6,790 41,261 3.6 19.5 
Telegraph and Telephone Apparatus 14,170 3,966 18,136 1.6 22.3 
Domestic Electric Appliances 8,152 3,500 11,652 1.0 21.1 
Other Electrical Goods 69,017 17,389 86,406 7.6 21.0 
Shipbuilding and Marine Engg. 20,380 4,506 24,886 2.2 12.5 
Motor Vehicle Manufacturing 103,724 18,071 181,795 15.9 44.0 
Aircraft Manufacturing 50,325 3,543 53,868 4.7 23.8 
Other Transport Groups 29,994 3,331 33,325 2.9 35.1 
Metal Industr,y N E S 131,280 64,977 196,257 17.2 41.9 
Source: 
'Metalworking Production' July 27, 1966. 
drop was not significant because the prices of machine 
tools rose and the machin~ tools bought were more 
sophisticated and therefore expensive. 
(6) The watch and scientific instruments industry with 4B% 
of its machine tools under 10 years had the most modern 
equipment. 
(7) The major machine tool users were 'metal industry not 
elsewhere specified' which includes makers of tools and 
implements, nuts and bolts and rivets, who had 17.2%; 
the motor industry had 15.9% with a good modernisation 
record for the metal forming variety with 53% under 10 
years old compared to 40% for the metalcutting. 
(B) The aircraft industry had the biggest foreign machine 
tool holding - 21.3% followed by 'the other mechanical 
engineering' sector which had 16.9%; the machine tool 
industry had 13.8% of its machines of foreign manufac-
ture. The industries with the least number of foreign 
machine tools were domestic electrical appliances with 
4.4%, and shipbuilding and marine engineering with 5.2%. 
(9) The most common foreign machine tool buy was gear cutting 
and finishing with 36% being imported; the import content 
of this classification was high, due to 75% of the bevel 
gear cutters and 41% of the gear hobbers coming from 
abroad. Amongst other machine tools that are imported 
are jig borers (nearly 50%) and universal head millers (35%) • 
. (10) Most metal forming machines were of British origin. 
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7.2. INVESTMENT HABITS 
Although the age structure of machine tools is showing that nearly 
60% of the machine tools are 10 years old, it has been seen that gross 
fixed capital formation has been rising all the time since the lasit 
decade. The machine tool industry's share of the proportion of expen-
diture on plant and machinery by engineering industries is around 30% 
on an average (see Table 7.2), and has been maintained so for some time 
now. The general shortage of skilled labour and the tendency of move-
ments towards white collar jobs indicate that the need in the future for 
higher productivity machines will become very much more prevalent. This 
is bound to lead to greater investments in machine tools in the future 
to replace old machines and to expand capacity. 
During the field studies conducted for this work, executives were 
questioned with regard to their attitudes on investment policies with 
particular reference to machine tools. In most cases investment plans 
were encompassed within budgets and each department got a proportion of 
the allocation asked for. Economic justification was very necessary 
for any investments to be approved, and machine tools were no exception. 
Some executives felt no qualms about using their machine tools for as 
long as they lasted in so far as they performed their function capably. 
They were put off from buying very expensive machine tools because shift 
work was not popular amongst workers and this meant that the payback 
period for the investment would be much too long to justify the high 
initial expenditure. This attitude to let machine tools live their 
full life was particularly prevalent in industries where the manufactur-
ing time for the end product was rather long. The 'Metalworking 
Production' in its survey found that industries with the oldest machine 
tools were shipbuilding and marine engineering (74.8% over 10 years old), 
other transport groups (74.4), textile machinery (72.7%) and industrial 
plant and steelwork (79). These are all industries where production -
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times are long, as also are their life spans. other factors which 
affect machine tool buying decisions are considered when the field 
studies and questionnaire are an~sed later. 
TABIE 7.2. 
INVESTl-ENT IN MACHINE TOOLS AND CAPITAL 
EXPENDITURE BY ENGINEERING INDUSTRIES 1954-65 
A B C A A 
Investment Total Capital Capital as as 
in Machine Expenditure by Expenditure in 
Tools £m .. Engineering Plant & Machinery % % (current Industries £m. by Engineering 
prices) (current prices) Industries £m. of of 
(current prices) 
B C 
1954 58.7 181 121 32.5 48.6 
1955 68.8 231 146 29.8 47.2 
1956 84.1 282 176 30.0 47.8 
1957 86.1 292 184 29.5 46.8 
1958 75.3 275 168 27.3 44.8 
1959 70.1 269 169 26.0 41.4 
1960 87.0 311 203 28.0 42.9 
1961 1ll.3 370 24l 30.1 46.2 
1962 116.l 338 222 34.3 52.2 
1963 94.4 337 223 28.0 42.3 
1964 109.3 364 235 30.0 46.5 
1965 122.1 405 242 30.1 50.4 
Source: Machine E.D.C. 'Long Term Demand for Machine Tools' 
1965-75, N.E.D. Office. 
7.3 NUMERICAL CONTROL 
Numerical control for machine tools is by far the most important 
development in the metalworldng field in the last decade. It is a tech-
nique of operating metal cutting functions in machine tools using coded 
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instructions on tape. These instructions are prepared earlier based 
on the sequence of machining operations, machine positions, speed of 
cutting, movements of the tool or workpiece, flow of coolant and the 
operation of a preset tooling system. The machine operator is left to 
load the tape, unload, starting and switching the machine off. 
Although research on numerical control started in 1947, nothing 
tangible cam~ up till the U.S. Air Force sponsored research at M.I.T. on 
the development of automatic machine tools which could machine complex 
jobs on new materials for faster aircraft produced the first n.c. 
machine tool for industrial use in 1952. First n.c. installations were 
made in 1957 in the U.S. Air Force Contractor plants. One method by 
which the U.S. Air Force ensures product quality of the components made 
by its different contractors is to stipulate that numerical control 
should be used for machining wherever possible. Since its commercial 
deb~l.t, numerical control machine tools have grown from strength to strength-
in the United states. Since 1962, plants with n.c. installations have 
been rising at the rate of 300 per year and they cover a wide spectrum 
ranging from food, tobacco, through to automotive, aircraft and industrial 
machinery. Hatscheck (80) estimated that in 1965 there were about 7000 
machines, of which 6190 were point to point machines, and the rest the 
continuous path contouring variety. A recent paper estimated that at 
the end of 1966, the U.S. had about 10,000 machines in operation compared 
to 1150 machines in the U.K. (81). As a proportion of the total number 
of machines purchased in the previous ten years, the n.c. machines were 
1.3% in the United states and 0.3% in the U.K. There is a wide gap 
between n.c. usage in the United states and in the U.K., and trends show 
that this gap is widening. The only consolation for Britain is that all 
the other countries are wa;[ behind her in n.c. usage. 
Production engineering and metal cutting magazines give a number of 
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examples showing savings increased and productivity improved by the use 
of n. c. machine tools over conventional ones. The. high initial cost -
mainly due to the high cost of the control system - is an inhibiting 
factor in the buying of n.c. machine tools. Two or three shift working 
becomes a necessity for a high utilisation factor and short pay-back 
period. otherwise, the purchase may lack economic justification. 
The advantages of n. c. machine. tools have been mentioned time and 
again in metalcutting magazines and catalogues of manufacturers • Briefly, 
they are: 
1) reduction in tooling costs with no expenditure 
on jigs and tools, 
2) improved repeatability and accuracy, 
3) reduction in the number of operations - since almost 
everything cormected with a piece of machining can be 
incorporated on tape, there is a reduction in handling 
and other associated operations; 
4) reduction of machining time in many cases; 
5) reduction of inspection - since the instructions are 
on tape, human errors are practic~ eliminated; 
6) reduction in scrap; 
7) reduced inventories be.cause shorter runs possible 
with le.ad times between set ups shortened; 
8) reduction in the number of operators; 
9) increased flexibility of the n.c. system helps in design 
alterations for small batch or one-off operations. 
Against these advantages are the following factors which merit 
consideration: 
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1) As stated earlier, the high initial cost (prices range 
from £3000 to £250,000 for complete machine tool). 
2) Training of persormel - part programmers are necessary 
for n.c. operations; control system maintenance men are 
also required; draughtsmen have to be trained for 
different responsibilities. 
3) Increase in maintenance cost (this will probably be only 
in the initial stages and should stabilise the situation). 
The advantages of numerical control are many. Amongst executives 
in industry, the majority felt that they would buy numerical control 
equipment only if there was economic justification. They also felt that 
quite a number of jobs were better done with conventional machines. Some 
of them felt that past experiences of control system failures which 
prevented the machine tool from being used and thus tied up capital were 
not an encouraging experience and therefore only proven ability would 
satisfy them. 
The numercial control machine. tool is vitally important to future 
production systems. As society advances and the living standards of 
the people go up, they become discriminating in their choice of products 
and demand uniqueness in their purchases. Consumer goods makers will 
have to meet this challenge and they can do so by developing flexibility 
in their production systems and standardisation in their assembly systems 
so that products with a variety of modifications can be made from the 
same basic units. N.G. machines are being widely used in the. aircraft 
industry where highly complex designs are machined on metals termed 
t exotics t , whose machining properties are sometimes unknown. The 
development of bigger and faster aircraft and space vehicles has meant 
the development of new materials to machine which to great accuracies, 
n. c. is the only answer. 
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As has been mentioned earlier, machine tools are now being designed 
around the principle of numerical control. Machining centres are the, 
present day answers; big machine corrvlexes with handling facilities all 
controlled by digital corrvuters may come tomorrow. The present day 
process control systems principle could be introduced to control a series 
of machine tools on the shop floor with a single ce.ntral corrvuter. 
Integrated circuitry would help make cheaper control systems, so that 
each machine tool may have a control system built into it for the basic 
drive mechanism, which in turn would be controlled by the. Central 
Corrvuter. 
Numerical control machine tools will develop wider appeal orLLy if 
cheaper machines are sold in the market. The basic need is for cheaper 
control systems. With the tremendous advances made in electronics 
technology, cheaper systems are bound to obtain in the future and this 
will accelerate the demand for the n. c. machines as many companies who 
are sitting on the fence at the present moment decide to plurrv for them. 
Their present policies on n.c. machine tools and other aspects of 
decision making associated with the machine tool industr,y are discussed 
in the. next chapter. 
7 ~~. OTHER FACTORS AFFECTING MACHINE TOOL USAGE 
Users of machine tools look for a number of product characteristics 
when making machine tool buying decisions. Since the machine tool is 
being bought for future use, a number of future requirements must be met 
by the machine tool being bought. Amongst the more important charac-
teristics which they look for are: 
1) higher repetitive accuracies, 
2) higher productivity per £ of investment, 
3) higher horse power, greater rigidities, closer 
tolerances, faster positioning, easy and quick 
tool changing; 
4) versatility for tod~fs and tomorrowfs jobs; 
5) optional features which can be added later on as 
and when needed - this can be met by machine tools 
which are flexible and modular. This makes invest-
ment keep in line with job requirements. If n.c. 
systems are built on small modular patterns, n.c. 
f functions can be added as and when required. The 
advantage gained here is that capital equipment funds 
are not tied up in extra capabilities. 
6) Ability to machine newer metals. 
7) Price and quality of the machine tool - the field 
research has shown that price is not the most important 
criterion but the ability to do the job. 
S) Service facilities and delivery dates. 
9) Work checking facilities on the machine. 
10) Reduction in idle time .• 
11) Easy swarf removal and a good cooling system. 
12) Consistency with regard to quality of finished components. 
13) The right accuracy for the job - some machines are over 
accurate for their jobs. The more accurate a machine is, 
the costlier it is. It is necessary to have the right 
balance between costs and accuracy. 
14) Ability to sustain long production runs wherever needed -
this is particularly important of special machine tools 
because they are bought specifically for this purpose. 
15) Correct ergonomic features. 
1unongst requirements on future machine tools will be: 
1) Flexibility so that machine tool can be fitted into a:rry 
production system consisting of a series of machine. tools. 
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2) Digital displ~ with built in inspection devices. 
3) Accessories for the reduction of set up times, 
i. e. pre-set tooling and quick change tooling. 
4) Good, cheap and rugged numerical control systems 
which can be added to machine tool systems. 
5 ) Adaptive control. 
A number of these characteristics are being met by present d~ 
machine tools. With the availability of machining centres, machining 
complexes and complete production systems based on standard machine 
tools with transfer facilities, the industry has gone a long w~ in 
complying with user requirements. 
SUMMARY 
This chapter looks at how machine tools are distributed among user 
industries. The motor vehicle manufacturing and the mechanical 
engineering industries are the biggest machine tool users. Six out of 
every ten machine tools are over 10 years old and this compares favour-
ably with the United States and France. The most modern machine tools 
were in the Watch and Scientific Instruments industry and the oldest in 
the Shipbuilding industry. The Aircraft industry had the highest propor-
tion of foreign machine tools. The attitudes of executives to having 
old machine tools in their factories were discussed. The impact of 
numerical control and its advantages were discussed. The predominance 
of American industry in N.C. usage was brought out and the future trends 
in numerical control charted. Lastly the characteristics that users 
look for when buying machine tools were listed. 
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CRAPIER 8 
FIELD RESEARCH AND SURVEY FINDINGS 
8.1. BACKGROUND AND mTHOD 
Among the most important factors in the machine tool industry's 
environment are machine tool users. Their policies and attitudes have 
a lot of bearing on decision making in the machine tool industry. The 
study of decision making in the machine tool industry will not be com-
plete without having a close look at the user industries as well. It 
was felt that executives on both sides of the machine tool industry -
the manufacturers and users - who had an influence in the making of 
policy decisions should be consulted so that thinking on both sides on 
issues affecting the industry could be discussed. These executives 
had to be strategic~ placed so that thinking on long term strategy 
and on associated decisions from the manufacturers' side and on buying 
decisions from the users' side emerged. Amongst manufacturers, 
Managing Directors were ideally placed and well suited to discuss the 
issues involved. Amongst users, a wide choice was available as the 
machine tool buying decisions were made by executives with various 
designations. Amongst the executives interviewed, there were Manufac-
turing Directors, Production Directors, Production Managers or Chief 
Production Engineers. 
The method adopted for the interview was to send prel.iminary draft 
questionnaires to executives on both sides, the users and manufacturers, 
one or two weeks before the interviews were conducted. In the inter-
view associated problems relating to the questions in the questionnaire 
were enlarged on and executive thinking brought out. The. user industry 
executives were particularly questioned on their attitudes: 
1) to a cooperative approach in the development ofl new 
machine tools, specially suited to their production systems; 
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2) to the new machine tools being developed based on 
Opitz work and Moll's suggestions. 
3) to component statistics and group technology; 
4) to research on machine tool subjects at universities 
gener~ and whether researches on vibrations and 
metal cutting have made their presence felt in the 
machine tools they were using; 
5) on differences of selling techniques between the U.K. 
and foreign makers and marketing strength of machine 
tool makers; 
6) to computer control of machine tools within an integrated 
Company Management Information System; 
7) on the expected N.C. content in. the proportion of their 
machine tools by 1975; 
8) on Government intervention and the M:i.nJ.stry of Technology. 
Questions to the machine tool maker executives covered a very 
similar ground and they were asked about their opinions on the coopera-
tive approach. Moll's ideas, component statistics and group technology, 
application of theoretical research in practice and the time lag 
associated with it and the advantages of belonging to a bigger group, 
either a machine tool one or a group with varied interests. 
This was followed by questionnaires being sent to companies on both 
sides of the industry. The users' questionnaire was addressed to 
Production Managers and the one on manufacture:Os to the Managing Directors. 
Copies of the questionnaires are included in the Appendix. 
8.2. THE SAMPIE 
The sample was selected more on the basis of an industrial market 
research type of exercise. Since the population of machine tool makers 
is small (about 350 companies) and since all the information available 
was important, it was decided to send the questionnaires to 100 companies. 
They were sent to establishments so that different companies w:i:thin,.the 
162 
same group may have obtained the questionnaires. The strength of the 
company in terms of its size, assets, employees and turnover (where 
available), was one of the criterions used for selection. The idea 
was to include every company which in its own way contributed to 
thinking on research and development and marketing policies within the. 
industry. Out of 100 companies to whom the questionnaires were sent, 
37 returned filled in questionnaires with 7 refusals. The 37 positive 
replies were distributed as follows: 
TABLE 8.1 
No. of Employees No. of Positive % 
Replies 
Less than 50 2 4.4 
51 - 100 3 8.7 
101 - 200 :3 8.7 
201 - 400 5 13. 
401 - 750 11 30.4 
751 & Over 13 34.8 
Questionnaires were not sent to some of the big companies whose directors 
were interviewed earlier. For a postal survey of this type and with a 
long questionnaire 30% response is reckoned to be a good enough average. 
Amongst users the questionnaires were sent to 350 companies in all 
categories of the engineering industry. The density of their machine 
tool holding based on the TMetalworking ProductionT survey determined 
the number of companies in each category - based on SIC - to whom the 
questionnaires were sent. The ones with the ma.ximum numbers of machine 
tools, the metal in~ustry and motor vehicle manufacturing therefore 
claimed a higher proportion of the questionnaires. A number of companies 
came under more than one category and depending on their size - ability 
to influence the industryT s thinking depends on the size of the market 
held by the company - they were classified under their main product.-
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groupings. Out of 350 questiormaires sent, li6 were positive replies 
with 21 rejections - non availability of time, only offici~ sponsored 
questiormaires would be answered as a matter of company policy, and 
information too confidential to be revealed, were some of the excuses -
so that positive response was 33%. Replies were distributed as foliows:-
TABIE 8.2 
No. of Employees No. of Positive Replies 
Actual Nos. % 
0-500 23 19.8 
501 - 1000 20 17.3 
1001 - 2000 32 27.6 
2001 - 5000 28 24.1 
5001 - 10000 6 5.1 
10000 and over 7 6.0 
8.3.1. THE FINDINGS 
The findings are listed under two main headings: 
a) the user industries, and 
b) the machine tool industry. 
The findings of the field research and the distribution of the answers 
to the questiormaires are considered under each of the two headings. 
8.3.2. THE USER INDUSTRIES 
Field Research 
Interviews were conducted with nine executives in the user industries. 
Their designations ranged from a managing director to Chief Production 
Engineers. Their industries included aero engine, industrial engines, 
automobiles, mining and quarrying equipment and heavy electrical 
engineering amongst others. 
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Their general attitude to cooperation with machine tool makers 
in the development of machine tools was that it was a good idea but 
not practicable. In two of the cases they were alreaqy cooperating 
with machine tool makers but no financial dealings were involved. The 
development was at the makers T own risk. In one case, the user compaqy 
was big enough to have a section to build special machine tools needed 
for its own purpose. They generally did not try to market these 
special tools. There was a general welcome to the development of 
component statistics and group technology in at least 4 out of the 9 
cases; there was a determined effort to try to make use of them in some 
form. About the development of machine tools based on Dr. MollT s 
suggestions, in at least 3 cases they had never heard of Dr. Moll. 
others were cautious and felt that the ideas sounded all right but the 
Machine Tool IndustryTs failure to sell these ideas or tools based on 
these ideas was the main reason for their lack of interest. On numeri-
cal control, there was no universal welcome and the general attitude was 
that absolute economic justification was the only argument in favour of 
numerical control. other problems mentioned were that shift work was 
not popular amongst workers, past control system failures made them 
develop a cautious attitude to N. C., and that N. C. machines were much 
too expensive. 
There was a general feeling that theoretical research done in 
vibrations and chatter had not produced any significant improvements in 
new machine tools. In the majority of cases, no difference was seen 
in the selling techniques of British and foreign machine tool makers. 
One big user of foreign machine tools mentioned that their foreign tool 
suppliers would make more visits to their factory from Germany or 
Switzerland than a corresponding British supplier. In all the companies 
where the integrated management information systems were being designed, 
they proposed to incorporate N.C. machines within these systems before. 
long. 
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On the percentage of N.C. machine tools which they expected to have 
in 1975, there was a feeling that even 10 to 15 % of all machine tools 
would be high. A general welcome was given to the Ministr,y of Tech-
nology's schemes for N.C. machine tools. There was gener~ no 
sympathy for the suggestions that machin~ tool industr,y should be 
speciaJ..J.y helped because. of the. tendency of cyclical fluctuations in 
orders. In most cases, budgets were prepared well in advance so that 
if machine tool salesmen made frequent visits to users and studied their 
future plans, they would be in a much better position as regards getting 
new orders. 
Questionnaire Analysis 
The total number of machine tools in all categories were distributed 
as follows: 
Numbers of Machine 
Tools 
Up to 100 
101 - 300 
301 - 500 
501 - 1000 
1001 - 2000 
2001 - 5000 
5000 and above 
%age of Companies 
with the machine 
tools. 
20 
39 
11 
11 
12.5 
3 
3.5 
The majority of companies in the sample (39%) have between 100 to 
300 machines. The percentage of companies with 500 to 2000 workers is 
44.9 (from Table 8.2) and when it is seen that 20% of companies have less 
than 100 machine tools and 19.8% of companies in the sample have less 
than 500 workers, one can conclude that companies with less than 500 
workers have up to 100 machine tools and companies with up to 2000 
employees have less than 300 machine tools. 
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The percentage of foreign machine tools is distributed as follows:-
TABIE 8.4 
%age of foreign 
machine tools 
% of companies with 
foreign machine tools 
0-5 
5 - 10 
11 - 20 
) 20 
32.2 
30.3 
21.4 
16.1 
The answers here varied with a few giving percentages by value and others 
by numbers. In value terms, for all companies in the sample, the per-
centages of foreign machine tools would be higher. This is because in 
most cases the foreign machines are more specialised and therefore more 
expensive. 
In answer to the next question on the holding of n. c. machine tools 
amongst companies which had them 67.1% of these were U.K. made, with 
29.5% foreign made and 3.5% partly foreign. Generally, companies with 
less than 1000 workers had mostly home made n.c. machine tools, while 
the bigger companies tended to have both home made and foreign n.c. machine 
tools. In some companies with less than 1000 workers where they had 
foreign n.c. machine tools, generally the percentage of foreign machine 
tool holding (n.c. and'others) was high (15 to 20%). Industries where 
precision and finish are important, like the aircraft industry, have n.c. 
machine tools very lIUlch in use. This was very evident; 'from the survey. 
In a few cases, the control systems used were of American make and used 
on British machine tools. 
82.6% of the sample said that they conducted some form of market 
research or market survey before buying machine tools, and when they were 
questioned on the number of inquiries they made before placing a firm 
order, the following was the pattern: 
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TABLE 8.5 
No. of inquiries %age of companies 
0-1 5.4 
1 - 2 28.6 
2 
- 3 25 
3 - 4 19.6 
4 - 5 12.5 
With the majority of them doing some market survey before buying the 
right machine tool, no~ they should narrow down their choice to 2 
or 3 companies and in some cases may be even less - an example of this 
would be a machine tool shown in an Exhibition, which by its price, 
quality and other characteristics may exactly fit in with some company's 
requirement and its representative does not have to look elsewhere if 
the delivery date also fits in with his requirements. The survey shows 
that 53.6% make 1 or 2 or 3 inquiries while 34.6% make 2 or 3 or 4 
inquiries. On an average therefore it is 2 or 3 choices from which the 
buyer makes his final decision to place:)an order and this concurs with 
the assumed normal practice mentioned earlier. 
Between making the first inquiry and actually placing an order, the 
time elapsed was distributed as follows: 
TABLE 8.6 
No. of weeks between %age of cOn:q:lanies: 
first inquiry and 
first order: 
1 - 2 14.8 
3 - 4 40.6 
5 - 6 18.5 
7 - 8 14.8 
9 - 10 7.5 
10 and above 3.8 
It is quite clear that if a machine tool cOn:q:lany does not get the order 
within the first month after inquiries, its charces of getting the order 
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are reduced considerab~. In 55.4% of the cases, they ordered the 
machine tool within a month after inquiry. In cases where the machine 
tool is very special and involves a huge outlay, the time elapsed was 
around 10 weeks. 
The necessity for a machine tool was determined by a variety of 
reasons. The most important of these was the 'increase in production'. 
The distribution of other factors which were considered as first, second 
and third in that order are as follows: 
TABLE 8.7 
,%age of companies Total of 
Reasons for b:g,vi!1€; machine tools' (12 (22 (~2 (12 (22 & (:22 
a) Pre-production Planning 16.4 9.3 19.2 44.9 
b) Breakdown considerations 1.8 9.3 5.8 16.9 
c) Increase in Production ) 54.5 16.7 11.4 82.6 being the real aim 
d) Machines becoming obsolete 7.3 20.2 21.2 48.7 
e) Shortage of Labour considera- ) tions which call for invest- ) 0 16.7 21. 37.7 ment in more automated ) 
machine tools 
f) Economic considerations 20 27.8 20 67.8 
Among the reasons why new machine tools are bought, the majority of the 
companies (82.6%) thought fit to include increase in production as the 
real aim in their first three rankings. 54.5% felt that it was the most 
important factor. Economic considerations was the second most important 
factor (67.8%). Although 'machines becoming obsolete' was the third 
important factor, only 7.3% ranked it first, compared to 16.4% for pre-
production planning. 
The reasons why machine tools are bought cannot be viewed in isolation 
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but seen in conjunction with what are the characteristics that users 
look for when they buy machine tools and which of these are the most 
~ortant. Table 8.8 gives the distribution of answers by users 
TABIE 8.8 
Factors affecting machine tool %age of companies who rank these. 
buying decisions 
(1) (2) (3) (4) 
a) Price 6.7 25 49 16.3 
b) Quality and Design 58.2 26.8 5.7 41 
c) Delivery Date 1.7 8.8 30.2 57.2 
d) Accuracy and Rep eat ability 21.7 35.8 13.2 20.3 
e) other factors 11.7 3.6 1.9 2.1 
The most important factors affecting machine tool buying decisions are 
quality and design of the products. 58.2% ranked quality and design as 
the most ~ortant factor with 26.8% ranking it as the second most 
~ortant. Accuracy and repeat ability were considered as the second 
~ortant factor with 21.7% ranking it first and 35.8% as second. One 
significant fact which emerges is that price and deliver,y date are not 
reckoned to be all that ~ortant. only 6.7% and 1.7% ranked price and 
deliver,y date as the most ~ortant factor respective~. There is an 
interesting interpl~ here which marketing strategists should note. The 
functional features of the machine in the form of quality and design and 
ability to perform with accuracy repeate~ score above price and deliver,y 
date factors. Since 30% and 49% rank deliver,y date and price, respec-
tive~ as third ~ortant factor, they consider these factors ~ortant 
but not more important than the technical characteristics of the product. 
Amongst other factors which users of mac~ne tools consider as ~ortant 
are spares and after sales service facilities (mentioned often), reli-
ability of machine tools and their econornlf in production. 
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The users were next questioned on their attitudes and thinking on 
numerical control machine tools. Since 45.5% did not have any n.c. 
machine tools in their factories, they could not comment on the question 
whether they were satisfied with the performances of n.c. machine tools. 
Of the remainder 41.8% were satisfied with the performance of their n.c. 
machine tools and 12.7% were not satisfied, i.e. 24% were dissatisfied 
amongst n.c. machine tool holders. On shift working on n.c. tools, in 
67% of the cases, they worked 2 shifts, 30% single shift and onq 3% in 
3 shifts. Following on this, when they were questioned whether they 
were making full use of the capabilities of the n. c. machine tools at 
their disposal, 63% thought they were and 37% thought otherwise. One 
would construe from this that dissatisfaction may have arisen due to the 
inability of management to convince workers to do 3 shifts on expensive 
n.c. machines. When they were questioned on their attitude to n.c. in 
their future replacement policies, particularly whether nit is better for 
your company to buy n.c.machine tools", 53.5% answered in the affirmative, 
25% in the negative, 12.5% said "don't known and 9% said "not applicable", 
which probably would mean that their industries are not amenable to n.c. 
at all now or in the future. They were next asked, ''What amongst the 
following do you think are the reasons for the slow adoption of n.c. by 
industry?ft and the distribution of their answers was as follows: 
a) Not giving value for money 15% 
b) Lack of skilled personnel, part 
programmers, maintenance men, etc. 21% 
c) Machine tools over accurate for 
your purpose 8% 
d) Machine tools not sufficiently 
accurate for your purpose 0% 
e) No proper after sales service 
and guidance 6% 
f) Control system failures 14% 
g) Any other reasons 36% 
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Amongst any other reasons mentioned were difficulty in justif.ying n.c., 
lack of confidence of the older generation in new sophisticated machinery, 
cost of n.c. tools much too high, n.c. not suitable in a number of cases 
and much too sophisticated, human apprehension, limited applications, 
lack of adequate publicity, cost of control systems very high and lack 
of understanding of the potential of n.c. on part of top management and 
financial advisers. One of the biggest users of machine tools - the 
motor industry - felt that n.c. was not justified in a number of cases 
but was suitable in prototype design or in the manufacture of dies and 
various types of tools and equipment. 
On their attitude in the buying of U.K. or foreign machine tools, 
96% felt that they would buy the machine tools suited to their purpose 
irrespective of whether they were made in the U.K. or abroad. Only 
after first finding out whether they were made in the U.K. or not would 
they venture to buy abroad, though 39% thought they would come down from 
their rigid requirements to some extent to buy a British machine. tool. 
Asked whether they assisted any"local manufacturer financi~ or 
otherwise towards the development of special machine tools, 27% said 
tyes t and 73% answered in the negative. On the question of whether the 
after sales service of foreign machine tool companies was superior to 
that of British companies, 23% thought foreign companies were be.tter, 
38% thought that foreign companies were not better in this sphere, 34% 
felt that there was no difference between the two and 5% felt that both 
were bad. 
The next three questions dealt with the personnel involved in the 
machine tool buying decision. The answers were not very clear, but what 
emanated was that in 30% of the cases, the decision was made at the 
Director level, 44% at the Manager level and 26% at the Engineer level. 
Amongst the designations of personnel who made this decision were works 
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directors, production directors, production managers, production planning 
managers, general managers, works managers, superintendents, chief 
production engineers, works engineers, plant engineers and production 
engineers. Depending on the size of the company and the amount to be 
spent on a machine tool, the Board's approval was needed provided the 
sum exceeded certain limits. Invariably a case had to be made out for 
the machine tool and it came up to the level where budgetary requests 
were matched with allocations and provided management objectives would 
be achieved by the purchase, it was approved. 
On the question of whether they believed in numerical control as a 
m.aitufae:t,uring' philosophy, - numerical control as a manufacturing 
philosophy here refers to having a machining complex with material hand-
ling facilities or a complete production system built around the principle 
of numerical control rather than individual machines built to suit control 
systems -- 68% answered in the, affirmative with 23% in the negative and 
with 9% not sure. When those who answered in the affirmative, were 
further questioned whether in their major plant modernisation programme 
would they order a complete system based on nume,rical control, only 30% 
said 'yes'; 20% said 'no' ,1'lhile the remainder, 50%, said that they 
would prefer to wait and learn from experience. 
On investment appraisal techniques used, 12.7% used D.C.F., 41.8% 
Payback, 3.6% M.A.P.I. methods, 9.2% other rule of thumb techniques. 11% 
did not use any established methods for appraisal. 14.5% used both D.C.F. 
and P~back based on investment values, 1.8% used D.C.F., P~back and MAPI 
based on the amounts concerned. 2% used these three techniques and others 
and 3.4% used D.C.F., P~back and some other rule of thumb method. Thus 
P~back is the most popular method of appraisal. This agrees with a 
study made by the N.E.D.C. in 1965 (82) in which it was found that 60% 
used P~back, 10% D.C.F. and P~back, and 7% D.C.F., P~back and MAP!. 
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In 56% of the companies in the sample, tax. concessions had some bearing 
on the machine tool buying decisions and in 39% of the cases had no 
bearing. In 5% of the cases, the reply was 'not applicable' which would 
probably mean that tax. concessions had no bearing. On the question of 
distribution of capital outl~ each year between expension, modernisation 
and replacement, the answers were much too variable to make any con-
clusions. On an average though expansion was generally the most popular, 
followed by modernisation and replacement. Nearly 60% of the money was 
spent on expansion and modernisation and 40% on modernisation and replace-
ment. 57% of the sample thought that control system and machine tool 
makers were not giving enough information on the advantages to be gained 
by using numerical control and 39% thought otherwise with 4% unconcerned. 
Amongst the companies which answered the questionnaire 82% were 
fully British owned with 9% foreign owned and 9% part British and part 
foreign. 
Summarising the field research and the questionnaire analysis, 
attitudes on a number of decision questions expressed in field research 
were confirmed by the questionnaire replies. Amongst the important 
things which emerged were that the users conducted market research, that 
2 or 3 inquiries fetched one firm order within a month of the first 
inquiry, that productivity boosting machine tools of the right quality 
and design were what they were looking for in machine tools, that they 
generally bought the best machine. tool for the job, that n.c. machines 
were mostly worked in two shifts and that they believed in n.c. as a 
manufacturing 'philosophy' but 'wait and see' was their attitude when it 
came to ordering a complete production system based on this philosophy. 
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THE MACHINE TOOL INDUSTRY 
Field Research 
Interviews were conducted with seven executives in the. machine. tool 
industry. Most of them were Managing Directors. Others included a 
Marketing Director, Technical Director and a Sales Manager. 
products included practically every type of machine. tool. 
Their 
On the question of cooperation with machine tool users in the. 
development of new machine tools, the majority welcome.d such an idea. 
Three of them give instances of how specific machine tools were prepared 
for some of their regular customers. They were not financed in aqy 
way by users towards the development of these machine tools but had to 
do it at their own risk. On the question of Prof. Opitz's work and Dr. 
Moll's suggestions, the general :ilnpression was that the industry would 
like to take up these ideas, develop and market the machine tools. 
However, demand for such machine tools amongst users was very low. The 
industry had to ,supply what its'customers wanted and they did not appear 
to want such machin~ tools except in odd instances. About research done, 
at Universities and Research Associations, some of them were very 
enthusiastic. Others felt that the research at universities was much 
too theoretical and in practical terms it was not beneficial. One of 
them felt that the universities were making a very big contribution to 
the industry and me.ntioned particularly the work done at Manchester and 
Birmingham Universities. The graduate intake into the industry was 
increasing all the time and some of these engineers were doing development 
work on new machines as well as working on improvements to the existing 
machine tool components. At present, they felt that th~ utilisation 
of the results of research was slow and it took some time before th~ 
could be incorporated into their products. However the quality of 
machine tools was being continually :ilnproved. The trend towards bigness 
of companies was generally welcomed as it would help in th~ setting up of 
bigger R and D departments and in depth investigation on certain probl~s 
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being possibl~ much more than before. The interviews showe.d that R 
and D was now considered as a ver,y important element in all their 
companies f future growth. The executives interviewed felt that criticism 
of the industr,yfs marketing abilities was not fair. The men who sold 
the machines were well trained technic~ and had come up through the 
companies f training departments and were gener~ well informed on 
machine tool technology. They also made regular calls to user industries 
at regular intervals. With the intak~ of more University graduates ~to 
the industry not only were design and development departments gaining, but 
so also were the marketing departments of companies. A great effort was 
under wa:y to try to understand customer problems so that the.ir requirements 
would be. adequately met. In some cases, user industries were. being 
advised on how complete production systems of machine tools could improve 
their productivity.ver,y considerably. Most of the executives mentione.d 
f. component statistics'. work they were carrying out or othe;rs were carr,y-
ing out for them and how they were using the results in th~ design of ne~ 
machine tools. On numerical control they felt that it was no panacea for 
all problems. They suited specific areas of industr,y and they were 
themselves using N.C. machine tools wherever there was an economic justi-
fication for using them. They also said that forward planning was 
being carried on to absorb the effects of cyclical fluctuation in orders. 
liso through greater standardisation, they were trying to build unit 
systems as well as modular machine tools so that machine tools performing 
different functions would be made with the same basic units. 
questionnaire Analysis 
Two questionnaires were sent to the. Managing Directors of Machine 
Tool companies and they concerne.d Research and Development in one case 
and marketing factors and other aspects in the. se,cond case. 
The R and D case is considered first. 
To the question whether they had a department or section primarily 
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concerne.d with R and D, as distinguished from design engineering, 50% 
answered in the affirmative and 38% in the negative with 12% sCl\Ying 
"not applicable". Those who answered in the negative were next asked 
whether they intended setting up an R and D section in the. future and 
only 22% said "yes". It has to be. remembered that many companies have 
design and development as one department and probably they don't intend 
changing the set-up in the future. In some cases R and D sections have 
been formed with ';people from the drawing and design offices. 
The men in charge of R and D departments of companie,s in the, sample 
were designated as indicated below (percentage of companies in which 
these titles operate are given alongside). 
Chief Designer 
Technical Director 
9% 
27% 
Chief Development Engineer 28% 
Director of Engineering 
and R & D 
Chief Engineer 
9% 
4% 
Manager of Development Dept. 13% 
Research Manager 10% 
The titles of the different individuals who head R and D in a way 
indicate how the sections were formed: 54% of these heads of R and D 
report to the Managing Director, 30% to the Board of Directors and 16% 
to the Chief Engineer or Technical Manager. 
As regards th~ size of research teams on an average there was 1 
research worker for ever.y 50 workers ~loyed by a company. Their 
distribution is given in Table 8.9. 
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Av. No. of 
Research Workers 
1 
2 
3 
4 
5 
TABIE 8.9 
Total No. of 
workers 
1 - 50 
51 - 100 
101 - 150 
151 - 200 
200 and above 
% of companies 
15 
16 
46 
15 
8 
Most of the companies in the survey were not prepared to indicate the 
ratios of their R and D expenditure to sales or to profits. Those, who 
gave the information had the values on R & D / Sales ranging from 0.6% 
to 4.6% and R and D / Profits var,ying from 6.6% to 19.8%. These, ratios 
were generally on the upgrade among the, ones who gave these details 
since 1963, so that it shows that companies which are, progressive are, 
realizing the importance of R and D and are increasing the,ir annual 
outlays on it. 
Asked whether they had any links with rese,arch associations like 
PER A and M T I R A, 58% answered fyes~ and 13% fno~, and 85% of those 
who answered in the, affirmative felt that these links were proving useful 
in making product improvements. The number of man months on typical 
research projects drew variable answers - from 8 man hours to 70 man 
months. , The number of research projects going at one time, was also 
very variable - from 2 to 24 projects. On the question of whe,ther they 
had any specific R and D objectives, 54% said fyes f and in 78% of the,se, 
cases, the objectives were formalised in writing for the information of 
all research personnel. About long range plans on R and D effort, only 
50% said that they drew up any long range plans at all and in 64% of 
these cases it extended to between 3 and 5 years. In the remainder, 
36% of the cases, 18% had their long range plans on a 6 to 10 year basis 
and the other 18% on a 1 to 2 year basis. R and D objectives were 
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reviewed by every one of the companies in which long range plans were 
drawn up, 92% reviewing them continuously and 8% on a yearly basis. 
About 66% of the companies who had a stake on R and D had some sort of 
scheme to determine next year's R and D expenditure. Only half of these 
companies with an interest in R and D kept exact accounts of money spent 
in basic research, applied research, development and R and D overheads. 
To the question, ndo you cooperate with control system manufac-
turers in R and D to produce products that are compatible,?", 50% said 
'yes', 12.5% said 'no' and the remaining 37% said 'not applicable'. 
The last answer is probably dUe to the fact that a number of these com-
panies did not envisage using numerical control at all in their products 
and its addition would only make products much too expensive and thereby 
reduce their market value. 'Feedback' from the market to R and D was 
generally reckoned to be good with 70% sewing it was good, 25% sewing it 
was poor and 5% sewing 'don't know'. On the question whe:t,he,r their 
companies should spend more in R and D, 55% felt they should, with 45% 
sewing 'no'. This came up in the interviews as well. The Managing 
Directors were of the opinion that enough was being spent on R and D 
and there was no need for any significant increase except marginally in 
some cases. Since some of them had sent their questionnaires on R and 
D to be filled in by their R and D department heads, the replies 
emanating from here generally wanted a greater deployment of money on R 
and D. The general consensus was that much could be obtained by 
spending more on R and D. 
Amongst the reasons given for enough being not spent on R and D 
were the following with their percentage responses being given alongside: 
a) Size of firm too small to do research on its own. 33% 
b) The company has always had a successful product ) 
that has withstood competition and R and D ) 19% 
c) 
expenditure is unnecessary. 
Company not making enough profits and so money ) 
cannot be kept aside for research and development 34% 
179 
d) Company buys all its designs abroad and ) 
all research is done at parent companies. 7% 
e) Top management satisfied with company ) 
performance and so do not see any re,ason ) 
to spend on R and D (they have short term) 0% 
objectives). ) 
f) staff training expensive and no surety 
of their staying. ) 7% 
The two most important reasons are foreign designs and company size 
much too small to sustain R and D on its own. On both these points 
the machine tool industry's present day organizational changes are 
bound to improve the situation in the future. 
Shortage of money and qualified personnel was a connnon excuse as 
regards the major drawback of doing R and D. other reasons included: 
a) the high initial cost of training skilled specialists who could be 
recruited later by other companies on much bigger assignments and 
b) the pressure of customer engineering. 
On the question of approximate content of standardised components 
in their machine tools, the following pattern emerged. 
TABLE 8.10 
Approximat e 
Standardised content 
up to 5% 
6 - 10% 
11 - 20% 
21 - 50% 
50% and above 
%age of companies 
19 
31 
12 
13 
25 
The standardisation here refers to elements such as change gears, unit 
heads, spindle lock units, lead screws and nuts, splines, keys and key-
ways, jig bushes, drills, milling cutters and reamers etc. The, presence 
of more than 50% of standardisation elements in 25% of the sample, is a 
good sign for the future. In standard machine tools, there is a higher 
element of standardisation. The Industry is working towards increasing 
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the standardised contents of machines as 88% of the, co~anies in the, 
sample answered in the affirmative to a question posed on this. The 
quality., of research personnel is very ~ortant if the, rese,arch output 
of the, industry has to be, of a sufficiently high standard. Amongst 
the research personnel of the co~anies, the distribution of men with 
various degrees were as follows:-
TABLE 8.11 
Qualification of Research 
Personnel 
Ph.D.s 
M.Sc.s 
B.Sc.s or Equivalent 
Diplomas 
Any other 
%age of all the 
co~anies in the 
sample 
4% 
8% 
28% 
60% 
In the, 'any other' category are men who have had their apprenticeship in 
the industry and have followed it up with Higher National Certificates 
, 
and Diplomas. Equivalent diplomas with B.Sc.s are, men who took member- I 
ship of the Professional Institutions following early industrial training. 
These engineers have been particularly effective on the development and 
'technique ~roving' side of R and D. In machine tool industry R and D, 
on an average development is more important than research Executives in 
the industry who were interviewed felt that this was of particular 
~ortance. 
Summarising th~ results of the survey on research and development, 
it was felt that conscious efforts were being made by a number of com-
panies in this field. The efforts of some co~anies were exceptional. 
others concentrated on the development side as this was reckone,d to be 
more ~ortant. Research efforts of organizations like PER A and 
M T I R A and the Universities were being harnessed and the lead time 
between outputting of research results and their incorporation into 
machine tools was being reduced. The size of the firm being small and 
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the inability of companies to make the right sort of profits were given 
as excuses for not enough money being spent on R and D. 
The second questionnaire considered aspects of marketing and also 
other factors like attitudes to numerical control. 
The, first question referred to selling of machine tools. The, 
industry sells its own products as well as selling through its agents 
both in the U.K. and overseas. 78% of the sample said they sold their 
own products and 82% sold them through agents with 26% of the sample 
selling in overseas markets through agents. This meant some, companies 
sold their tools through agencies in addition to selling on their own. 
As regards market surveys to study future requirements, 74% and 70% of 
the sample said that they conducted surveys in the U.K. and foreign 
countries respectively. To the question whether they had some regular 
customers, they all said they had. This is very significant because 
cooperation in strategic decision making between users and make,rs will 
not be very difficult to attain should the, need arise. 61% of the, 
companies had don~ component statistics studies to deter.min~ common 
characteristics for machining purposes and 52% had put th~ ideas into 
designing new and improved machine tools. 
On the question of the number of salesmen these companies employed, 
th~ following distribution pattern emerged: 
TABlE 8.12 
Category No. of salesmen %age of companies 
A up to 5 16% 
B 6 to 10 33% 
C 11 to 20 17% 
D 21 and above 34% 
More than 20 salesmen will be a very common feature amongst bigger machine, 
tool companies. Here 34% of the companies had more than 20 salesmen and 
33% had 6 to 10 salesmen. In Table 8.1 it was seen that 100 to 400 
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workers~ organizations were only 21.7% of the sample while in the 401 
to 750 category, 30.4% of the. sample were include.d. Since there. are. 
fewer sale.smen in the category (C), it can be construed that there. we.re 
fewer sales representatives in the medium sized co~anie.s than in the, 
smaller co~anies. 
The next question related to the number of quotations which had 
to be sent to get one firm order on the export and home. markets, and the 
answers are distributed as follows: 
TABLE 8.13 
Chances of getting order 
expressed as %age: 
up to 10% 
11 to 25% 
25 to 50% 
50% and over 
% of coys. with experience in: 
Home Market Export Market 
33 
34 
22 
11 
100 
67 
22 
11 
100 
This table shows that 10 quotations or more (or up to 10% in the Table) 
have to be sent to get one firm order in the experience of 33% of the 
sample for the Home market, and 67% of the sample in the Export market, 
showing that external co~etition makes it tough on exporters who have. 
to keep on trying with no certainty of success. This may involve. a lot 
of expenditure and only companies with good backing can survive. in the 
long run. 
On the question of the number of nume.rical control machine tools . 
used in the factories of companies in the sample, 35% had no n.c. tools 
at all, 13% had 1 or 2 machines, 30% had 3 to 6 machines and 22% had 
6 or more such machines. To the question 'do you: be.lieve that the 
majority of machine tools you buy in the future will be machine tools 
fitted with n.c.', 30% said 'yes', 52% said 'no' and 18% were not sure. 
About the number of n. c. machine tools that companies in the sample intro-
duced into the market, 45% had not introduced ~ at all, 14% had brought 
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out one n. c. machine tool, 23% had introduced two and three or more. 
numerical control machine tools were introduced by 18% of the companies 
in the sample. On numerical control, a conservative. attitude seems to 
prevail and many companies are intereste.d in bringing out only modifica-
tions to their existing product line rather than n.c. tools. It is a 
good sign though that at least 55% of the sample have introduced n. c. 
tools during the last five years. 
Production time and delivery date varied according to the. machine 
tool concerne.d. standard machine tools were delivered within 3 months 
of ordering by some companies. Where it involved a complex machine.-
heavy boring machine tool, for example, it would take as much as a year 
to make and deliver. In 48% of the companies in the sample, they were. 
trying to build machine tools on a modular basis,(Le. building up 
machine tools performing different functions with the same basic com-
ponents with minor variations to suit customer requirements). This 
would be more popular only if standardisation was much more prevalent 
and also if the machine tools built on such a basis had1 proved themselves 
in users' factories. Amongst users, the popularity of such machine 
tools was not universal. Some executives expressed the. view that some, 
of those available in the market lacked stability as well as rigidity. 
The next few questions related to the representation in World marke.ts. 
84% and 95% of the companies had well established sales agents to repre-
sent them in the EFT A and Commonwealth countries respectively. The 
following question related to their potential for market penetration in 
some of the major industrial growth areas. 79% of the companies in the 
sample thought they could increase their share of U.S. market, with 
70%, 48%, 48% and 64% of the companies in the sample thinking that they 
were in a position to increase their market shares in the E.E.C. countries, 
Russia and E. Europe, Japan and other countries respectively. The 
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Russian and Japanese markets have a lot of future potential and 
executives in industry who were interviewed were conscious of this fact 
and had marketing plans ready for these markets. 64% of the companies 
made a regular study of either by themselves or through agents on the, 
general economic and political trends in various countries and 70% used 
these reports in sales forecasting and 61% found that the reports were 
beneficial in their marketing strategy. 
The next two questions related to the ability of companies to meet 
delivery dates in the, home and export markets and the, patterns are 
described in Table 8.14 below. 
TABIE 8.14 
Record of ability to 
meet delivery date,s 
less than 50% 
50 - 70% 
70 - 90% 
90 - 100% 
Home Orders 
18% 
\ 9% 
41% 
32% 
Export Orders 
27% 
18% 
55% 
This Table shows that companies try very hard to meet their export order 
delivery dates. In 55% of the cases they have a 90 to 100% record for 
delivery dates in the export markets. One significant factor which 
emerges is that 23% (55-32 and' 41-18) of the companies were giving 
priority to their export orders as they were meeting delivery dates on 
export orders in 90 - 100% of the cases while meeting only 70 - 90% of 
the cases in the home market. The reasons for not maintaining a 100% 
delivery record were manifold but the most common amongst a number listed 
in the questionnaire with their frequencies are given below: 
a) lack of. skilled labour 2.5% 
b) user industries generally not very ) 
sympathetic to machine tool ) 
industry problems and don't give ) 
prior information on impending ) 16.2% 
investment on plant for production ) 
so that scehduling limited resources ) 
becomes difficult 
c) general lackadaisical approach to ) 13.5% production planning and scheduling ) 
d) lack of qualified design engineers 9% 
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e) Any other reason 25% 
Amongst the 'any other reason' listed were 
1. Non availability in time. of bought out items - this was 
mentioned as a very common excuse by a number of companies 
- amongst items concerne.d were electrical motors, special 
ball bearings, ground gears, etc. 
2. Delay in transportation. 
3. Individuality and compleJCi.ty of product. 
4. Inaccurate forecasting of capacity and sudden 
fluctuations in demand. 
On the. question of sub-contracting 41% of the companies had up to 
5% of their work sub-contracted, 27% had up to 6 to 10% of their work 
done by subcontractors. Amongst the rest: 
23% had 11- 20% 
and 9% had 20% of their work subcontracted. 
As to the question of companies within the. industry subcontracting work 
for others in the engineering industry, 41% took up such work. 
Of the companies which responded to the questionnaire 70% made a 
nUmber of different products while 52% made the same product to different 
specification and 22% made products in both categories. Also 82% were 
fully British owned, 5% partly foreign owned and 13% fully foreign owned. 
The ratio of Ph.D.s to M.Sc.s to B.Sc.s or equivalent diplomas amongst 
them were 1: 2 : 30 and this ratio extende.d to include workers would be 
1 : 2 : 30 : 5300 so that there is 1 graduate for 180 workers amongst 
the companies which responded to the questionnaire. 
To the. question "do you or agents who sell your machine tools sell 
any foreign machine tools in the U.K. as well?", 61% answered in the 
affirmative. In 43% of the cases, these products were complementary to 
the company's product lines and also in 43% of cases they were entirely 
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different product ranges while in 17% of the cases the products belonged 
to both categories. Only 26% of the companies which responded to the 
questionnaire made foreign machine tools under licence. A similar per-
centage of U.K. machine tools are made particularly in America (22%), 
West Ger.m~ (23%) and other countries (28%). In Japan, however, only 
8% of the companies had their machine tools made under licence. 
Summarising the field research and the opinions expressed in the 
questionnaires on marketing and associated aspects, the significant 
things which emerge are that the, machine tool industry is well repre-
sented overseas, that they do market research amongst users bot~ in the 
U.K. and abroad, that tcomponent statistics t is being usefully employed 
in the design of new machine tools,that n.c. machine tools are being 
slowly introduced within their factories and also into the markets, that 
delivery dates in export orders get a higher priority and the main reasons 
why delivery dates are not being met are due, to the lack of skilled labour,~ 
I 
non-appreciation of the difficulties of the industry by user industries 
and the non-availability of bought out items at times of dire need. 
8.4. ANALYSIS AND DISCUSSION 
Having considered users of machine tools and manufacturers of machine 
tools separately so far in the field research and questionnaire, analysis, 
we now look at the user-manufacturer relationship with a view to examining 
certain issues which are of great importance to the future development of 
the machine tool industry. What the user industries want is a constant 
supply of the right types of machine tools which would fit in with their 
production systems in order to produce components for a wide variety of 
end products. Their ability to supply the right types of machine tools 
forms the basis for the survival of machine tool companies. This again 
depends on the technological capability of companies in the, industry. An 
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examination of the present day R and D and Marketing strength of the, 
industry was necessary to determine their technological profile for 
future capabilities. 
The first important area conce,rned is imports. Imports have, con-
tinued to rise over the, years. Certain gear cutting and grinding machine, 
tools are :iJnported fairly regularly. The, industry believes that imports 
are vital in these days of specialised strengths and no advance,d country 
can do without them. The importers are sale,s agencies as well as machine 
tool companies. The, reasorn given by machine, tool companies for imports 
are that they extend their product range. Imports are fairly well dis-
persed amongst th~ user industries. By a close scrutiny of the, import 
patterns of machine tools, alert companies can grasp the, opportunities to 
manufacture these, machine tools because the,re is no lack of design 
capacity in the industry. Of course it is much easier for companies with 
bigger resources to set up Lh~: units. Increase in the, size of the 
industry is bound to have long term advantages. Even making machine 
tools under licence is a way to get arolUld imports. It create,s employ-
ment in addition to building up the industry size,. In the, long run, a 
bigge;r industry reduces the proportion of imports relative, to production 
and with th~ consumption proportion remaining fairly constant, the excess 
produced will be released to e,xport markets. Once exporting be,comes 
well established, the industry can go from strength to strength. Tb.e 
potential for such a break through rests on the new groupings which are, 
emerging to dominate production. The R and D commitments of some com-
panies in the survey showed imagination and marketing verve,. The 
majority though appeared to lack this and the future growth of the, industry 
depends on how soon these companies adapt to the realities of the situa-
tion by strenthening their technological capaqility. One, of the reasons 
given in th~ survey by companies for not spending enough on R and D was 
that their sizes were too small to sustain rese,arch on their own. This 
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is where. nmch greater use should be made of organizatior:s like. PER A, 
M T I R A and other research associations by the smaller companies in 
the. industry. Financial strength can result from profitability, the. 
magnitude of which determines whether a compaQY should b~ its research 
or establish on its own. 
On numerical control, users are very keen but their inability to 
make full use of it is what is causing them to tread warily. The 
manufacturers' and control system makers' failure to propagate the 
economic advantages which are inherent in N. C. has also contributed to 
its failure to catch on. For the future, the machine. tool industry 
nmst put it right. Numerical control is in whether companies in the. 
industry like it or not. Opinions among users favoured b~ng n.c. in 
the future and on a nmch bigger scale if they became cheaper. The 
makers' objective should be to try and design cheaper n.c. machine tools 
in the future. Developments in electronics should be harnessed quickly 
to develop cheap control systems for machine tools. 
Although price happens to be a significant factor when it comes to 
the question of b~ an n.c. machine tool, it is less significant in 
the case of ordinary machine tools. Quality and design are the most 
important user requirements with 'increase in production' being the real 
aim when it comes to b~ a new tool. To meet these requirements, the 
industry needs to build up R and D, particularly the development side. 
The survey showed that the development side was not very weak. An 
improved financial base would strengthen this side enormously. 
Amongst marketing aspects, users did market research, and on an 
average made one order after 3 enquiries. For the machine tool industry, 
this shows that every lead has to be followed up vigorously. Visits by 
salesmen even on initial inquiries are essential. The importance of 
salesmen with the right technical qUalifications is vital to a compaQY's 
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success. They are. the, ones to know the problems customers face and 
how they operate the. machines. They are the links which bridge the gap 
between users and manufacturers. Their importance in market research 
is paramount. They operate the feedback from the market to the R and 
D. For the future, the industry should strengthen their field staff 
and continue to improve the quality of these personnel. One of the 
strengths of the German machine tool industry are the sales and technical 
representatives who back up their well designed machine tools to promote 
customer engineering. 
to operate silnilarly. 
Successful companies in the U.K. are endeavouring 
At a time when the German and American machine tool industries are 
putting greater efforts into R and D, the British machine tool industry 
cannot afford to lag behind. The German research effort is geared around 
Aachen Technische Hochschule under Dr. Opitz. With 90 research assis-
tants and 300 employees, research is concentrated on all areas of the 
machine tool industry, including production techniques - various metal 
cutting processes and the new methods of electrical machining - machine 
tools - design and investigation of the static and qynamic properties, 
as well as the accuracy of machine tools and design of spindles, bearings 
and clutches - automatic control systems and n. c. machine tools and 
industrial management (83). A third of the budget of this Institute 
comes from industry. This industrial partnership does not in any way 
inhibit the freedom for research of a normal university. This coopera-
tion between industry and university has promoted an exchange of ideas 
between experts from both sides. There are other Technical University 
Institutes which have machine tool interests as well, but the quality of 
work emanating from Aachen has established it as the best machine tool 
university institute, not only in Germany, but also all over the world. 
The wide proliferation of graduates and doctorates of Aachen in the 
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machine tool companies of Germany has been a prime factor in the high 
quality and design of German machine tools. In Britain, Manchester and 
Birmingham are aiming to achieve a similar scale of success before long. 
With greater cooperation from the machine tool industr,y ideas developed 
at these universities and other research associations and at N ELand 
also at the new Machine Tool Institute in Scotland, the right basis for 
a break through in the seventies exists, provided marketing in the 
industr,y keeps up the same pace. 
\ 
The American machine tool industr,y is not resting on its laurels 
but putting great efforts on R and D too. In a N M T B A survey last 
year, 63% of companies, which replied to a questionnaire, had separate 
R and D departments other than design engineering in their companies (84). 
"The ratio of companies with their own R and D groups increases as the 
companies get bigger" says the Report. In 71% of the cases, outside 
technical assistance was sought for R and D and the smallest companies 
employ such assistance less than the larger companies. Most of the 
companies expected an increase in the outside assistance sought in the 
future in addition to doing research on their own. 
This concentrated effort on R and D on the part of German and 
American machine tool industries holds out a lesson for the British 
machine tool industr,y. It needs to harness all the potential research 
opportunities available and puttr1emto the best use. There is a need 
for a stream of sophisticated machine tools to come out of the industr,y's 
production lines if Britain has to retain or improve on her 3rd position 
to the U.S. and West Germany in the next decade. The survey has shown 
that the right intentions exist but they have to be supplemented by good 
management. 
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SUMMARY 
, 
In this chapter, the field research and the results of the survey 
were considered in detail. The user industries f response to the 
questiolUlaire showed that industry generally approved of n. c. but because 
of the high costs involved were treading the path with caution. The 
manufacturers were themselves cautious on numerical control. The R and 
D and marketing effort of the industry was modest with some companies 
excelling themselves while others were just dragging their feet. Certain 
issues were discussed within the user manufacturer context. . The efforts 
of German and American machine tool industries needed emulation by the 
British industry for improved future performances. 
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CHAPTER 9 
9.1. THE PAST PATTERNS 
Production of machine tools in Britain has been increasing at an 
average rate of 4.5% every year between 1954 and 1966. Table 9.1 shows 
production value at current prices every year since 1954 and exports and 
imports with annual incremental patterns. Except for 1958, 1959 and 
1963 the machine tool production showed an increase every year. Both 
imports and exports have kept up with the increased production. In fact, 
the average of the annual increment each year between 1954 and 1966 for 
production has been 7.8%, for exports it has been 8.5% and for imports, 
11.8%. (See Figs. 9.1(a) and 9.1(b» 
Since these incremental computations have been made with immediate 
past figu.f.es, it discounts the effects due to the fall in the purchasing 
power of the pound. It is significant that when imports increase, they 
increase by high amounts while they show only modest· falls when they 
decrease. This InaJ1" be due to the fact that when demand picks up in the. 
e.cononw, fa.:ilure. to get their delivery dates makes machine. tool users 
look elsewhere. This is the time when orders in the hom~ market for 
machine tools are in their peak. There has been a marked cyclical 
pattern for total ne~ new orders for machin~ tools in the last decade 
(see Fig. 9.1). The peaks were in 1955 with £115 million and in 1960 with 
£136 million (at 1958 prices) and troughs were in 1958 with £1:;0 million 
and £79 million in 1963. The Report of the Working Party on the Problems 
Arising from the Cyclical Pattern of Machine Tool Orders (85) did not 
blam~ aQY particular user industries as being responsible. The Committee 
felt that lack of long term planning by user industries was one of the 
main reasons. Among its main reco~dations were: "forward planning of 
investment by users of machine tools in consultation with their suppliers 
is most important in the interests of both users and manufacturers as we.11 
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as of the econolYlf as a whole"; more use of operational research to 
facilitate forecasts of market demand, "fundamental changes in attitude. 
are needed on the part of both user industry and the machine tool manu-
facturers themselves", an expansion in machine tool manufacturing capacity 
with a view to increasing the ability to compete with imports at the peak 
of the cycle, "reduction in cyclical fluctuations should effectively 
increase capacity", the. adoption of numerical control, increase. in exports, 
diversification of home markets and Government playing the right role by 
creating conditions favourable for a steady rate of economic growth. 
TABlE 9.1 
U.K. PRODUCTION, IMPORTS AND 
EXPORTS OF MACHINE TOOLS 1954-1966 
TOTAL DELIVERIES IMPORTS EXPORTS 
--
£M % Annual £M % Armual £M % Armual 
i Increase Increase : Increase 
1954 63.9 13.3 18.5 
1955 73.7 15.3 13.9 4.5 18.8 1.62 
1956 83.6 13.4 21.4 54.0 20.9 11.19 
1957 , 93.6 11.9 17.6 -17.75 25.1 20.42 
1958 82.6 -11.7 14.0 -20.45 21.3 -15.13 
1959 77.4 - 6.3 13.1 - 6.43 20.4 - 4.22 
1960 93.1 20.3 19.1 45.8 25.2 23.5 
1961 . 113.8 22.2 27.6 44.4 30.1 19.4 
1962 125.4 10.2 27.5 - 0.36 36.8 22.2 
1963 112.6 -10.4 25.5 - 7.3 43.7 18.7 
1964 119.7 6.3 32.5 27.5 42.9 - 1.8 
1965 137.8 15.1 32.7 0.62 48.4 12.8 
1966 143.4 3.9 38.3 17.25 41.1 -15.2 
Av. 7.8% Av. 11.8% Av. 8.5% 
The cyclical pattern of machine tool orders is not Britain's problem 
alone. other countries have the same problem and in fact more so. 
Table 9.2 shows the amplitude of variations about the trend line of 
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machine tool production in these countries. 
TABLE 9.2 
Size of Fluctuations in the Output of 
Machine Tools for Certain Countries. 
Country Coefficient of variation 
about trend line 
% 
U.S.A. 38 
Ita.J.y 37 
Japan 30 
Denmark 13.5 
Germany 13 
France 11 
U.K. 10 
Sweden 9 
Switzerland 3 
Source: Report of the Working Party on the 
Problems Arising from the. Cyclical 
Pattern of Machine Tool Orders. 
The Mitche11 Report (86) discussed the reconnnendations of Prof. 
Melman to the. European Productivity Agency and found that his main 
reconnnendation that the industry should use mass production techniques in 
some areas as not feasible. It <pointed out that the §eale of production 
did not justifY anything but batch production. The Mitche11 Report also 
examined other recorrmendations of Prof. Melman on 
1) standardisation and production of components - found that 'the 
manufacture of standardised components already ceptralised to a 
considerable extent' 
2) modular units and standardisation of unit heads - found 
the industry interested in its development, 
3) the. extent to which special machine tools were necessary and 
construction of special machine tools using standard components 
and building machine tools on a modular basis - here the Mitche11 
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Committee felt that industri~ advanced countries would 
need more of the special machine tools, while the less 
industrialised ones would need more standard tools. The 
modular principle was recognised by industry and put to 
use wherever possible. 
4) process for establishing standards was needed -
the Committee concurred on this with Prof. Melman and 
recommended a body comprising the :Machine Tool Trades 
Association, the British Standards Institution and the 
Federation of British Industries to be formed to look into this. 
5) the extent to which certain principal features built into 
machine tools are actu~ utilised, e.g., horse power, size of 
work piece, range of speeds and feeds and precision -
here the Mitchell Committee felt that user industries in Britain 
preferred to have additional features or performance if they 
were available. 
6) the extent to which high precision machine tools were an efficient 
alternative to multiple machine processing - the Committee did 
not consider it economical to transfer jobs between low precision 
and high precision machinery. 
Other suggestions of Prof. Melman dealt with production processes, fac-
tory layout, application of electronic controls to machine. tools, 
quality control of precision components, market research, leasing of 
machine tools and offsetting market fluctuations to ensure stable 
production. 
The Mitchell Report also examined criticisms of the industry! s 
abili~y to respond quickly to rises in demand - overlong and unreliable. 
dates _ - and found it somewhat wanting here. It felt that the blame 
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was not entirely of the industry as a few factors were out of its 
control. The. industryf s ability to respond to a rise in demand is 
dependent on: a) the recruitment of additional labour, 
b) spare manufacturing capacity, and 
c) the possibilities of subcontracting. 
The Mitchell Connnittee felt that each of these was in some way respon-
sible for the failure to meet delivery dates. other criticisms 
levelled against the industry in the past have included failure to 
expand exports and to hold its share of the world markets, too much use 
of foreign designs, quality of the products and their design and per-
formance, failure to meet special needs of customers and not enough 
research and development being performed. The Mitchell Connnittee 
suggested increasing R and D expenditure from £3M. to £SM. a year for a 
period of 4 years. 
I 
I 
The Mitchell Report and Prof. Melmanfs reconunendations gave a good J 
insight into the problems the industry faced in the past. The overall 
environmental situation since 1950 has been one of growth in all sectors 
of the econonw due to society in general achieving better living standards 
(see Chapter 5). Technological, social and economic progress have 
created a bigger need for consumer products which in turn has brought 
pressure on the manufacturers of machine tools and other production sys-
tems to supply the right productive equipment. This has meant a nee.d 
for machine tools which continually improve productivity. The develop-
ment of growth in the automobile industry since 1950 can be attributed to 
the increasing efficiency of its production system, including machine 
tools. Imports have been resorted to by user industries to a considerable 
extent. The growth rate of machine tool imports, as was seen earlier, 
was greater than that of actual production or exports. The machine tool 
industry through its reluctance to accept forward orders on normal trade 
terms from machine tool merchants have contributed to a rise in imports 
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to some extent as foreign companies are in no w~ inhibited in making 
use of these merchants to sell their machine tools including standard 
ones. Recent~ Charles Churchill has come to terms with some of these 
distributors to sell its products. The machine tool industry has not 
been selling its products through all possible outlets in the past on 
the assumption that the technical sales abilities of all other organisa-
tions except their own or their sales agents would not be of the re-
quisite standards. 
9.2. THE PRESENT TRENDS 
Since the Mitchell Report's publication, the industry has gone a 
long way to meet its recommendations. The Machine Tool Industry 
Research Association, set up in i960, launched a number of research 
projects in a number of different laboratories on various research 
projects. More university design scholarships and apprenticeships were 
created to bring in more graduates into the industry. R and D sections 
were established in a number of companies. With the advent of the 
Ministry of Technology, the machine tool industry has benefitted a great 
deal, particular~ on the numerical control side. In addition to finan-
cing new. innovation, it has introduced the preproduction order scheme to 
assist companies to get familiar with new machines, which are advances on 
present d~ machines. The Ministry kept aside £1M for this scheme in 
1965. It purchases the machines and makes use of them in some government 
centres or amongst some users, who continu~ supp~ usage information to 
the Ministry and the makers. The machine tool in the course of its usage 
is thus evaluated. The Ministry also introduced the trial period scheme 
to promote the use of numerical control amongst company managements who 
are reluctant to finance such high initial investment equipment. Under 
this scheme they use the numerical control machines on a trial period 
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between 6 and 24 months after which they may buy it or return it to the 
manufacturer. This scheme surprisingly has not been very popular so 
far. In addition the Ministry has set up the Numerical Control Advisory 
and Demonstration Service to offer advice on the adoption and use of n.c. 
machines and equipment. It has also placed contracts with universities 
to work on research projects which promote knowledge in machine tool 
technology. One of the most important developments has been the petro-
forge, a high energy rate forming (HERF) machine, which employs a mixture 
of air and petrol to provide the necessary energy. This has been 
developed at Birmingham University and is cheaper, lighter and faster 
acting than other competitive machines. Electrochemical machining is 
being sponsored by the Ministry at Strathclyde University. A Machin-
ability Data Centre to help with data on machining'1.processes will probably 
be established soon. The Ministry is also helping in training programmers 
who may be needed in the future as numerical control gains ground. The 
research base for the future development of the machine tool industry is 
well established now. 
In products, the present d~ tendency is going towards sophisticated 
production systems. This does not mean that production of conventional 
machine tools has been affected in any WCJ3'. Standard machine. tools are 
being produced at an accelerated pace. These machines have a tremendous 
export potential, particularly to underdeveloped countries. In a number 
of cases, these machines are available from stock so that immediate 
deliveries are forthcoming. Research and development has helped to produce 
newer versions of the old machine tools with numerical control added in a 
number of new machine tools. 
As mentioned earlier, complete production systems are being developed 
based on the 'total systems' approach. Examples of these are the 'System 
24' of Molins Machine Tool Company, the Variable. Mission Automatic 
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manufacturing system of the Cincinnati group of companies and the. He.rbert 
Ingersoll production systems. 
System 24 
This is probably the most important development in machine tools since. 
the introduction of numerical control. It is the best example of the 
'total' systems approach in production system design yet, and is by far 
the most advanced in concept and design. It is an integration of design 
and manufacture with futuristic implications (87). It is claimed to 
reduce the cost of making components by a factor between 5 and 10 when 
compared to conventional production methods. It helps in th~ production 
of a wide variety of machining components of all complexities with the 
minimum. amount of human intervention. The system is very flexible and is 
continually evolving with the facility of building up extra capabilities 
as and when required. It is an antithesis of the. machining centre which 
was developed nearly 3 years ago. The machining centre is numerically 
controlled and offers the facility of placing the. workpiece at any orienta-
tion to the cutter and the machining to be performed all in one set-up. 
The machining centre has automatic tool changing facilities. It is gener-
ally quite expensive and because of the different machining operations to 
be performed at different speeds, the metal removal capability is restricted. 
This argument and the under utilisation of high investment capital made 
the SYSTEM 24 designers think of a system containing a number of separate 
but complementary machine tools, each of which performed its limited range 
of functions in the best possible manner. This offered an unlimited range 
of function capability and new functions could be added as and when 
required. The key to the SYSTEM 24 concept is the work carrying pallet 
which links these machines by locating automatically in position on their 
identical work tables. Accuracies of ± .0001" are possible. Each pallet 
has an identification number which an on line computer can identify at 
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various stages of its movement. The computer links the palle:t nwnber 
with the workpiece number and thus provides the right tapes at the right 
machines for using numerical control and set of cutting tools to be 
selected for use. The important thing in th~ development of SYSTEM 24 
was that many fundamental questions were re-examined. The low metal 
removal rate of ferrous materials was inhibiting the increasing speed of 
component manufacture. So Molins carried out surveys to find out how 
universal light alloy construction could be as compared to the ferrous 
materials. They found out that vast majority (80-90%) of its components 
which could be processed by the new methods could be made in light alloy. 
Though light alloy costs more, Molins found that costs did not rise 
significantly as the added values of the components increased after manu-
facture. Molins also carried out research to find out the sizes of the 
majority of its components. It found out that 70% of its machined com-
ponents were within a size of 12" x 12" x 6". The machine tools fitting 
into SYSTEM 24 therefore needed the following characteristics (88): 
1) A rather small capacity (12" x 12" x 6") 
2) An ultra high reliability for round the clock operation, 
which demanded hydrostatic bearings everywhere. 
3 ) At least two simultaneous cutting spindles to 
increase productivity. 
4) A vertical or upside down machining surface to give adequate 
chip clearance. 
5) Extremely high acceleration rates, to avoid cutter rubbing 
when accelerating to machining speed and to re.duce wasted 
time during air movement s. 
6) Extremely high spindle horse power to give fast metal removal. 
Power in the region of 15-20 B.H.P. was required at speeds up 
to 30,000 r.p.m. This requirement cannot be met by electrically 
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driven spindles because of the size and limitations on 
accuracy of the thermal cycling involved. 
7) A 5/6 axis machine of similar size range was required in 
addition to 3 axis machines. 
In addition, a great deal of R and D has been devoted to metal 
cutting and the optimum material/cutter relationship, advanced hydrostatics 
and fluid dynamics, and modular structural engineering. There was a link 
up with Ferranti Ltd., Edinburgh, in the development of control systems. 
Other advantages of th~ system include its ability to work on a 3-
shift basis with no worker participation needed in the night shift. 
Thus in SYS'IEM 24, R and D has looked into specific machine tool 
characteristics required for an integrated operation using transfer 
devices based on a pallet which is linked to an on line computer so that 
all facilities for n. c. machining are provided at each work station and 
again at whether alloys are preferable to ferrous me.tals if manufacturing 
costs can be reduced based on high speed and volume considerations. A 
number of disciplines, metallurgy, mechanical engineering and control 
systems engineering have been integrated to design SYSTEM 24 for a truly 
'total systems' solution to a machining problem. 
Variable Mission Concept 
This is a versatile automatic manufacturing system of conveyor linked 
machine tools made by Cincirmati (89). Features of this concept are 
overall simplicity, flexibility and low investment per work station. The 
Variable Mission refers to a new horizontal-spindle n.c. machining centre. 
It can bore, drill and mill and the tool turret can carry 8 or 6 spindles, 
depending on requirements. In a typical system, a conveyor loops around 
the machine line, with cross conveyors at each work station, cormecting 
front and back sections of the main conveyor. A fully automatic variable 
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Mission system provides automatic steering of various workpieces, by means 
of a powered conveyor line, to multiple machining centres or to other work 
stations. A computer is not necessar.y to control the system. Sophistica-
tion can be added to the system as and when required. This system is 
expected to be nmch more economic than other automated manufacture as 
modular construction from basic standardised co~onents has cheapened the 
unit cost per work station. 
The. Herbert-Ingersoll systems are tailor made and specialised machine 
tools particularly suited to each customer based on his exact engineering 
requirements. In addition, advice on plant reorganization is available to 
customers, but this is not tied to the purchase of the production system. 
In this plant, the vast experience of Ingersoll engineers, who have 
specialised in this sort of work for some time has been of great value. to 
Alfred Herbert. By the time a customer's requirements are analysed and 
the system built, it takes nearly a year and a half and another six months 
before the plant is commissioned. Such systems will therefore come into 
vogue only in the seventies. As the economies of such production systems 
- SYSTEM 24, Variable Mission and ,the Herbert-Ingersoll - are better 
appreciated by machine tool users, demand for such systems is bound to 
increase in the future. 
One of the features of the design of such production systems is the. 
need to use some sort of family grouping of co~onents based on their 
geometrical shapes for efficiency in operation. This is particularly true 
of the variable mission concept machine tools. The use of Group Technology 
is prevailing nmch more in industr.y today as engineers are appreciating the 
advantages to be gained by saving in set-up times and by grouping on 
similarities on machining operations rather than purely on geometric forms. 
In either of the latter two cases - machining operations and geometric 
forms - the advantages to be gained are in the increase in size of batches. 
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This leads to a reduction in handling times by better plant rationalisa-
tion and easier loading and unloading by mechanisation. Group Technology 
is being used to a considerable extent in Europe, particularly in Germany 
( 
(90) • Kolod' and co-workers (91,92) have developed the technological 
concept on machine tools in Czechoslovakia as well. They have. made 
fcomponent statistics f studies on 120,000 workpieces (in 8 individual 
factories) and isolated their technological characteristics and later used 
group technology concepts to classify them according to their shapes. 
This then has led to the establishment of production planning on the manu-
facturing system concept. 
Jj ~ 
Thus the analysis of Koloo and co-workers (93) 
is concerned with three main groups of details 
a) General technological characteristics of the workpiece, 
such as main dimension, function, materials, blank, heat 
treatment, weight, etc. 
b) Design and technological elements of a workpiece: cylinders, 
flats, shoulders, shapes, tapers, threads, radii, chamfers, 
gearing, splines, grooves, etc. 
c) Current technology of the workpiece: data on machines, 
machine times, set-up times, batching, jigs, etc. are entered. 
The field research and survey showed that in the U.K. some machine 
tool companies are trying to use component statistics and a few machine 
tool users are using group technology concepts in production planning. 
The overall effort is not uniform enough though and much more will have 
to be done in this field if the inherent advantages of group technology 
tOlpromote overall efficiency in production are to be gained. 
The machining centres because of their high costs are only used in a 
few specialist areas and only if the possibility of utilisation of such 
machines is high will companies go for such machines. Automatic tool 
changing facilities, quick change nool holders and pre-set tooling are all 
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popular today as the cutting down in idle time between machining of work-
pieces is being aimed for by users of machine tools. Ergonomics in 
design is also being achieved in a number of new machine tools, particularly 
on the control panels of numerical machine tools. Research is also being 
performed to :iJrrprove inspection teclmiques. Automatic gauging machines 
with digital read out facilities are particularly important in integrate,d 
production systems so that accuracy of components machined are maintained. 
In process measurement is also being researched into a great deal nowadays 
and this may gain in :i1nportance much more in the future as total production 
systems come into vogue amongst a great number of user industries. 
Th~ present day product and research trends have been looked at so 
far. The emergence of these new production systems is based on extensive 
research and development and one reason why such systems are being 
developed today is due to the fact that the organization of the industr,y 
into big groups has helped companies to deploy bigger resources on R and D. 
Small companies do exist today and their future depends entirely on their 
design strength, and also am the speciality of their products. One, example 
of a small company doing particularly well today is Marwin Machine Tools 
which has been making sophisticated machining centres and selling them to 
companies like Boeing. The future of such companies depends entirely on 
their ability to maintain quality and design in their products. It is 
quite possible that companies with bigger resources can buy them off once 
such companies go public becaus~ private companies cannot be bought off if 
the owners do not want to sell. One way such companies can keep up 
quality and design in their end products is to attract as much brainpower 
as possible. They must increase their intake of graduates or similarly 
qualified staff. The quality of manpower available in a company helps it 
to adapt itself much better against environmental changes. 
One country in which small machine tool companies have kept up their 
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growth rate is Switzerland, which has one of the best records among 
machine tool making countries. These small companies have kept up their 
record in the highly competitive world marke.ts by supplying expensive 
special machine. tools and this has been kept up because of the. quality of 
their design and marketing staff. The Switzerland case is a good lesson 
for all small companies in the British machine tool industry to emulate. 
British industry continues to import machine tools in spite of the. 
machine tool industry being in a strong position today more than before. 
There needs to be an analysis of products that are being imported every 
year and to cater to customers' requirements by supplying these products 
by home production, rather than factoring - a very prevalent situation of 
selling foreign machine tools. Whenever criticisms of excessive imports 
are made, industry spokesmen justify it on the grounds that cross flow of 
technology ideas in terms of new products is imperative amongst advanced 
nations, and machine tools being amongst these products, imports will con-
tinue, and should not and cannot be stopped as such. It is difficult to 
find fault with such an argument although one feels that since factoring 
is an important area of business amongst a number of companies 'in the. 
industry, its spokesmen are constrained to speak in favour of imports. It 
is felt that imports of certain essential machine tools are absolutely 
justified. It is importation of machine tools which British industry in 
terms of its technical capability is in a position to manufacture. which 
should be discouraged. W. Germany does import a lot of its machine. tool 
requirements. In fact, in 1965, she imported $ 97 million worth of machine 
tools, compared to $ 94 million of U.K. It is the size, of the German 
machine tool industry and its large exports which do not make a high 
import bmil look very significant. In terms of the demographic factors, 
W. Germany is very similar to Britain and in terms of technical capability 
too there is a lot of similarity between the two countries. In spite of 
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this and also having always had a good machine tool industry, Britain's 
producing o~ about half the output of the German machine tool industry 
is difficult to comprehend. Design and production of machines that are 
sold as factored products would be one w~ of increasing the size of the 
industry as these products will also have export markets. In terms of 
standard machine tools, Britain has such a good base that designing 
machine tools which have a greater element of standardisation and meet the 
varied requirements of customers would not be such a difficult problem, 
especi~ now when industry is concentrating into bigger units so that 
resources could be deployed more effectively on product development and 
waste and duplication cut out. Cooperation with users in the development 
of production systems which have the right accuracy, the corre,ct rigidity 
and a built in flexibility would most certainly open up markets. both at 
home and overseas. Tod~ more of the products which the industry used 
to import are being made in Britain and this is a step in the right direc-
tion. 
Summarising present d~ trends, the picture for the machine tool 
industry appears quite bright. The R and D base of the industry is 
getting stronger and more is being done by the, Ministry of Technology to 
aid research and also to promote the use of innovations. The new produc-
tion systems which are being designed by the industry have a future growth 
potential provided marketing becomes effective, particularly in the export 
markets. Imports need to be considerably reduced and efforts are being 
made by the industry to do just that. 
9.3. THE COOPERATIVE APPROACH 
Since 1950, the machine tool industry along with other industrial 
goods industries has been under pressure from consumer goods industries to 
produce equipment which has productivity boosting characteristics. Design 
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for production became a prevailing philosophy in the last decade. The 
emphasis in the philosophy has alwa;ys been on production. Mass production 
was resorted to as the need for products outpaced supplies. Tod~ variety 
is called for in the end products. Environmental changes like technolo-
gical progress and consumer tastes are reducing product life spans. Thus 
philosophy for the present and next decade is becoming designing for 
variety in production. Variety in production will only be achieved by 
flexibility of production systems. Numerical control offers the chance 
for flexibility in batch production. It is not suited to all production 
situations. Flexibility in flow line manufacture was achieved in the car 
industr.y. It will come about in ever.y industr.y before long as computer 
availability will ease production planning problems. The supply of the 
basic specifications of a product to the computer configuration helps it 
to produce not only resource allocation plans but also detailed plans on 
which machines will operate on which part of a job. When the computer 
can assist in production planning to such an extent, the production system 
itself has to come up to higher standards of capability. It has to match 
flexibility with capability. The onus on the design of such systems is 
on the industrial goods industries. However, with the availability of 
plans of particular user industries, their task in designing compatible 
systems is made easier. Coopera~ion in some form between users and makers 
of machine tools has alw~s existed. There is a need for strengthening 
the user manufacturer relationship in the machine tool industr.y. A con-
ceptual model for developing the user-manufacturer relationship is des-
cribed below. 
Ever.y product goes through a life cycle which consists of conception, 
rapid growth, maturation and decline. The particular characteristics of 
a product determine its life cycle. An automobile ma;y have a 3 year or 
5 year span of life, depending on the success of the product and also on 
company policies and also on environmental factors. A machine tool has a 
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fairly long life. It may be made technologically obsolescent by the. 
presence of new machin~ tools. However the life cycles of machine tools 
and other production equipment are generally longer than those for most 
consumer industry products. Therefore a situation prevails in which the 
products have shorter life. cycles thanl.part of the production systems on 
which they are manufactured. With the shortening of product life. cycles 
du~ to environmental changes, the production systems have to be flexible 
enough to accommodate changes in product design. This is a challenge 
to production systems designers. Critical areas in such a production 
system which have to be changed with th~ change in product design have to 
be identified by systems designers so that a smooth changeover results 
when the new product has to be manufactured. Decisions affecting design 
of the product and the production system are made in their respective 
companies. By cooperating and pooling up resources - financial and tech-
nological - great benefits will result all round. Thus if cooperation 
between users and manufacturers of machine tools is encouraged in a 
tangible way, both parties will gain tremendously. The way in which 
this system can work is described below. 
If a company in one of the user industries gets a newl'Product idea, 
it has to go about manufacturing it by first studying how th~ various 
resources at their disposal can be usefully employed in the new project. 
A member of new machine tools will be needed. In some cases, new factories 
have to be built to manufacture a new product. Lf the. user company has 
a regular machine tool supplier or suppliers, they are contacted to suggest 
schemes for a new production system. At this stage production engineers 
from the user side and designers from the machine tool makers' side can 
discuss and1de.velop the new production system which has to be flexible to 
facilitate future product variations. While users are looking at their 
production problems, makers are thinking in terms of how economies in 
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production can be brought about. If the financial risk on such develop-
ments is shared, a much better result will be, achieved as both managements 
take, a keen interest in the performances of their respective sides. 'TIle 
effects on decision making in such a cooperativ~ venture are significant. 
Since teams from both companies are working together, the effective 
decision making point is shifted to an imaginary middle region between the 
(follo~ng p ?22) 
user and manufacturer (see Fig.1Q.1.)/ If a regular association be.tween 
two companies develops on these lines, a combining of each other's 
interests in the form of mergers II1.a\Y' result in the future. If the, user 
company is a big organization, it may hope for vertical integration of 
its main suppliers. 'TIle advantage.::for the machine tool company is that 
it can branch into new fields. For example, a machine toolmaker who 
specialises in just one or two areas may in the interests of supplying a 
complete system to a user branch into fields like transfer processes, 
numerical control, etc. 'TIle exchange of ideas between th~ two parties 
is bound to re.sult in new concepts on production being evolved. Also 
the decision making responsibility is shared between the two parties against 
future unce,rtainties. For companies in the machine tool industry, this is 
a useful strategy to pander about. Already a tendency of greater coopera-
tion with users is emerging amongst some companies in the, machine, tool 
industry. 'TIle design of such systems like the Variabl~ Mission concept 
and the Herbert Ingersoll systems involve a lot of cooperation between 
users and manufacturers. Molins were able to develop their SYSTEM 24 
mainly because the tobacco industry was their regular and most important 
customer and since they had the necessary financial backing, their task 
was made easier. 'TIle development of one system for a particular user may 
stimulate demand elsewhere so that the machine tool company is bound to 
benefit by closer cooperation with its regular customer. 
As far as users are concerned, they are, interested in designing and 
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marketing new products at regular intervals so that old products are 
slowly phased out to be replaced by new products. To achieve a smooth 
transition in this requires careful forward planning. Research and 
development should be reaqy with new product plans and a new product should 
come into the market just at the right time. If it is replacing an old 
product, the latter must be in a period between maturity and decline. If 
a company has a number of different products, it would do very well to 
keep track of the stage of its life cycle of each of its products. This 
will enhance both product survival and new product introduction. The 
user manufacturer cooperation is going to help in new product introduction 
by starting designing production systems as soon as It is established that 
the product· will have a market. Flexibility in these systems is not 
restricted to its adaptability to product design changes alone. It has 
to acconnnodate an increase in volume which rn.ay be necessary. This will 
be the keynote for design in the cooperative approach and would lead to 
greater standardisation of production system components so that modular 
production is feasible and the facility of increasing the size of the 
system as and when there is a need for it is available. This will tie up 
less capital. If a product establishes itself in the marke.t, additional 
capital will not be difficult to come by unless the economic situation is 
very precarious. The computer industry has introduced the modular 
principle of increasing capacity as and when required on its range of 
computers. 
Summing up, it can be said that the cooperative approach is a good 
strategy for companies in the machine tool industry and this will lead to 
a) Machine tool makers broadening the scope of their products to 
includ~ new systems. 
b) Greater financial strength of machine tool companies. 
c) Design teams enhance their knowledge with exchange of ideas -
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- not aJl design engineers need to be involved in the 
cooperative approach. Some can concentrate on th~ 
company's traditional product. 
d) Greater stability of machine tool companies would lead to 
uniform employment levels and greater worker motivation 
due to security. 
9.4. A STRATIDY FOR THE INDUSTRY 
['0 develop a strategy for the machine tool industry, certain 
objectives have to be laid down, converte.d to operating goals and then the 
industry by adopting the right policies should strive to reach these goals. 
The strategy should take account of the present strength of the industry 
in product design, R and D and marketing and also the. organizational 
pattern in the industry. The. Machine Tool E D C of the N.E.D.C., taking 
into consideration aJl these factors, has developed goals which the 
industry it expects should achieve by 1975 (94). It has made two basic 
assumptions about future export patterns - the most favourable outcome 
and the least favourable outcome and obtained the following figures about 
exports, imports and total deliveries. 
TABLE 9.1 
TREND VALUES (EM. 1965 Prices) 
1262 1272 
Case A % Case B % 
Consumption 122.1 181 4 181 4 
Imports 32·7 ..M. .J±.... .2!±. hl 
Home Deliveries 89.4 133 4 127 3.5 
Exports 
..Md±. ill 10.6 100 ~ 
Total Deliveries 137.8 266 6.8 227 2.1 
SOURCE: Machine Tool E D C - Long Term Demand for Machine Tools, 
1965-75. 
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Taking a middle path between the N E D C (1975) figures, and projecting 
it further, the following goals can be set for the machine tool industry 
in each area. 
TABLE 9.2 
TREND VALUES (EM. 1965 prices) 
1965 1975 1980 
Conswrrption 122.1 180 210 
Imports :22·1 -2Q 60 
Home Deliveries 89.4 130 150 
Exports ~ 120 150 
Total Deliveries 137.8 250 300 
There is a need in the next decade for the industry to reduce imports 
considerably, to make a sustained effort in exports and to increase the 
overall size of the industry. From what present d~ trends show, positive 
efforts in each of these areas are being exercised. In addition R and D 
is being carried on in the right projects by industry. With the Ministry 
of Technology financing a lot of research at Universities, much more in 
terms of new machines or processes or ne:w methods of measurement are being 
developed at the Universities. With PER A and M T I R A putting more 
time and money and effort into research, the industry is bound to gain in 
the future in terms of innovations. This will eventually lead to a 
reduction in imports in the long run. Research associations are also 
working together on common projects. The evolution of products like 
SYSTEM 24 and Variable Mission Concept has been based on correct techno-
logical decisions. These new systems are bound to create interest in the 
export markets as well. In numerical control usage, Britain is still 
second to the United States. With the availability of n.c. in most machine 
tools, its use is going to increase in the future. The technological 
capability of the industry is dependent on its ability to continue producing 
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such machining complexes as SYSTEM 24. Up till now the value of 
Britain's machine tool imports has be.en nru.ch higher than the value of 
exports. This is because Britain has been exporting standard machines 
while importing special machine tools from Germany, Switzerland and the 
United states. The present concentrated re.search effort should alter 
this situation considerably in the next decade. The degree of sophistica-
tion in machine tools is dependent on the R and D and design backing which 
it enjoys. The exporting of standard machine tools is bound to continue. 
as there will always be a market for them in underdeveloped countries. 
The important factor in design in the future will be how to meet the high 
quality and accuracy of machine tool specials using standard components 
and modular construction wherever possible. The need for accuracy and 
rep eat ability in these sophisticated machines will be very great and this 
will be another important design area. The present day structure of the 
industry and the objective oriented research and development which is being 
carried on in the industry in critical areas of machine tool design is 
bound to serve the industry well in the next decade. Machine tool makers 
should undertake detailed component statistics studies and use the tech-
nological characteristics of workpieces of individual users as a basis for 
using group technology in production rationalisation as well as on shop 
floor layout for increased overall efficiency in production. These con-
cepts should become much more important in the marketing strategy for 
machine tools. This is because when the qualities of competing machines 
are similar and so also are their prices, the factor which clinches the 
deal in favour of one is the 'something extra' that it possesses. Group 
technology and customer engineering advice would be very important factors 
in the overall marketing strategy for machine tools. The1performance of 
the industry will depend on the strength of its tec!ill.ological and financial 
decisions. The present day grouping of firms into bigger units has 
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increased the strength of the industry in these areas and improved its 
chances of adapting to most of the environmental changes which may occur 
in the future. Fig. 9.2a.illustrates the ideas diagra.rmna.tic~. A 
strategy which if followed by most companies would help in achieving 
objectives - bigger size of the industry, greater exports and reduced 
imports - is described below. 
The following steps have to be followed to get this plan going amongst 
companies in the industry: 
1) Internal industrial consolidation. 
This takes the form of mergers and acquisitions. 
The companies to be taken over should improve the 
technological - financial mix of the. combine in the 
long run. Economies of scale wherever possible and 
group technology should be resorted to as much as 
p'0ssible. 
2) With a strong internal base created, there needs to be 
reappraisal of all R and D efforts. They need to be 
brought under a single research department and projects 
with short term and long term interests should be 
isolated. All the research facilities available in the 
environment must be harnessed. This includes PER A, 
M T I R A, Universities, the national laboratories and 
cooperative ventures set up with users of machine tools 
to design new production systems. 
3) When the research base is being established, a strong 
marketing team, well versed in industrial marketing 
techniques, needs to be formed. The team must have the 
right mix with statisticians, engineers and marketing men 
performing their respective tasks within the objectives of 
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the company and goals set for the marketing department. 
More customer engineering and technical advisors will be 
needed as the virtues of group technology will have to 
be preached to customers. 
4) The marketing team then starts looking at world markets 
in both advanced and underdeveloped countries. In terms 
of technology, marketing of products is aimed for markets 
of greater technology, equal technology and lower technology 
countries at the same time. Good sales agents and stockists 
for spare parts have to be appointed in these countries. 
5) The marketing team must cooperate with the financial side of 
the co~any and isolate companies in these countries which 
lack enough resources but have a bright future and then 
associate with them or buy them if possible. Here. the aim 
is to acquire advanced technological capability and supporting 
personnel - in fields where weakness is apparent in the main 
company. By taking over such co~anies, product base. is 
enlarged, design and R and D personnel are obtained, access to 
existing customers of these co~anies are obtained so that an 
outlet for the main company's machine tools is available. If 
the management of the main co~any isolates its strengths and 
weaknesses very clearly, a good idea of what sort of companies 
to acquire or associate with will be forthcoming. A main company 
weak in R and D should try to merge or associate with a company 
which is strong on R and D, etc. 
If a take over is planned, the price of the deal and its 
timing are very important. 
6) After having achieved a good technological and financial base 
in all· markets, the next stage is to work towards achieving a 
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---------------------------------------------
lead in ea~h product area, particularly with companies in 
countries of equal technology and advanced technology. 
Good design, quality, accuracy and rep eat ability, competitive 
prices with good delivery dates and good after sales service 
will achieve the necessary edge. Sophistication in products 
must also be increased simultaneously. 
7) If steps 1 to 6 are achieved, a flow of technology in ter.ms of 
products of the right quality and a degree of sophistication 
matchiilg contemporary technological advances in the field will 
\ 
take place to countries of equal and advanced technology. This 
will lead to an inflow of money from these countries as well as 
from the lower technology ones to consolidate the financial base. 
This will help achieve a technological-financial base which will 
be difficult for companies in other countries to surpass (Fig.9.2). 
8) This will be followed by establishing satellite companies in both 
the advanced and the underdeveloped countries. Some of these 
companies will be subsidiaries while others will be manufac-
turing the main companyts products under licence arrangements 
(see Fig. 9.3). 
This plan will operate on a 10 year basis and the timing of each facet 
of the strategy is very important. The advantages of this strategy for 
the main company are: 
1) A broad international base for all products. 
2) Greater product range. 
3) Greater financial stability so that companies can 
branch out into new fields from technologically 
obsolescent areas. 
4) Exports will increase both in value and volume. 
5) Imports of machine. tools will be considerably reduced. 
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i.) 
Certain policy decisions of a few British machine tool companies 
need to be examined in the light of this strategy. 
a) Charles Churchill was taken over by Tube Investments and this was 
followed by Tube Investments buying Froirip, a major German machine 
tool builder for. whom C. Churchill were agents. A research centre 
was also established at Daventry. In 1963, Charles Churchill made 
a gross trading profit of £1.386m. Now the company has a toehold 
in the German market, is concentrating on strengthening its marketing, 
has increased its product range and has the resources backing of a 
big engineering group like T.I. with its wide range of interests. 
b) Staveley Industries have brought together a number of companies, 
including Archdale, Asquith, Cyril Adams, Kendall and Gent, so that 
internal industrial consolidation is established. They bought La 
Pointe, an American company specialising in broaching. They have a 
well established research centre at Bedford. The company is strong 
in research and is developing its marketing with vigour, particularly 
in the United states and E. Europe. The company now has a complete 
product range and is strong on the heavy machine tools side. They 
have other interests as well and their 1966 profits were £3.9m. 
c) A. Herbert have bought up B.S.A. 's machine tool interests, combine.d 
with an American company, Ingersoll Milling Machine Co., to develop 
manufacture of complete production systems. A. Herbert, easily the 
biggest machine tool organization in the world, have a research centre, 
are very strong on the marketing side and sell a terrific array of 
products. They also have overseas subsidiaries. Their 1966 total 
profits were £5.48m. 
d) B. Elliot mostly sells standard tools and is well represented abroad. 
Has a good export record and made a profit of £1.04 m. in 1966. 
The company has taken over a number of small and private companies. 
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Very strong in marketing. 
e) Cincinnati is bringing American knowhow into Britain. 
In each of these cases, the strategy described seems to have been 
followed to some extent (steps 1 to 6 of the strategy seem to have been 
followed in (a), (b) and (c). The success of their effo,rts will be 
recognized in the future when their performances in the light of present 
da;r decisions are-studied. 
SUMMARY 
This chapter has looked at fstrategy for the industryf. Past 
patterns were looked at and showed gradual growth apparently due to high 
demand, a feature in the 1950-60 decade. The present trends show the 
existence of a vast future potential on the strength of th~ new products 
which are being marketed. The cooperative approach which involves 
greater cooperation between users and manufacturers in the design of 
production systems for users is recommended as being a strategy for the 
industry. Finally, a step by step description is made of a strategy 
which would make the. industry strong in international terms. 
CHAPTER 10 
CONCLUSIONS 
a) Decision making systems are almost alw~s under pressure due to 
changes in the environment caused by social, economic and technological 
. factors. 
b) The two most important decisions that management has to make are 
the technological decision - encompassing research and development and 
marketing - and the financial decision. 
c) Technological capability results from commercial viability and 
vice versa. 
d) Government and competitive actions are the ones that decision 
makers in both consumer and capital goods industries have to watch very 
closely. 
e) Since competition comes from both home and abroad, managers have to 
scan the environment for as much information as they can get on their 
competitors. In many cases, information m~ not be forthcoming so 
easily on foreign competitors. Managers m~ therefore have to look at 
government policies on R and D and the general export-import performance 
of these countries in the product areas which their companies are 
interested in. 
f) The case study showed that there was a marketing innovation gap 
which needed to be improved through objective oriented research tied to 
commercial objectives. The research effort was going on the right 
lines but it needed to be better administered. 
g) The 1950-60 decade was one in which there was a gradual increase in 
demand. Technological changes caused new industries to be born and 
production decisions were very important. As the average discretionary 
spending power began to rise, marketing decisions began to gain in 
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importance, R and D consciousness in companies began to develop much 
more than before. Government expenditure has be.en increasing all the 
time. 
h) Education and Communication have produced a well informed public in 
the 1960-70 decade. Product, marketing, production and R and D 
decisions have been important in this decade so far. The computer by 
its presence has affected decision making considerab~. Government 
pressure further increased in this decade. 
i) The computers will dominate the 1970-80 decade in all areas of 
decision making. The higher standard of living of people will make the;m 
discriminating in their product choice and marketing will become even 
more important as the special characteristics of products are brought out 
by big campaigns. Design of flexible production systems will gain 
ground as manufacturers seek to introduce greater variety in their end 
products. 
j) The machine tool industry is important because of the indirect 
influence it exerts on all industries. 
k) The user industries are mainly engineering industries. The 
automobile industry and the mechanical engineering are the biggest users 
of machine tools. 
1) Numerical control has become an important phenomenon, but its high 
costs make companies go for it only if the utilisation factor envisaged 
is high. 
m) Som~ sections of the industry are well organised in terms of their 
technological capability. R and D and marketing are· strong in such 
cases. The industry has been made financi~ strong through a spate 
of mergers so that half the. output is produced by six major groups. 
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n) The past patterns showed a much too high level of imports which is 
bound to be altered if the present da;y trends are channelled on the 
right lines. 
0) Companies in the industry need to develop a strategy based on the 
cooperative approach between users and manufacturers. 
p) In the cases of a number of companies in the industry, a global 
strategy based on technology equalisation is emerging. 
10.1. MAIN RECOMMENDATIONS 
a) The industry continues to rationalise and group together. Some, 
companies will have to join bigger engineering groups. Development 
expenditures are escalating much too quickly for small companie,s to 
remain viable. 
b) Those small companies that remain have to possess very qualified 
research staff to continue to survive profitably in a highly competitive 
field. The need for high brain power is necessary because the company 
has to be on the look out all the time for new technology which can be 
introduced into their products and thus be ahead with new product concepts. 
Cooperation with users is particularly important for small companies. 
c) The bigger companies should do R and D on producing new machine 
tools which can perform different functions but are produced from the 
same basic l'tUlitS. More standardisation and modular principle in assembly 
should be fostered even to produce special machine tools as well as 
production systems. 
d) More use of component statistics needs to be undertaken in 
designing new machines. 
e) Machine Tool users and makers should also make use of group 
technology much more. 
221 
f) Wherever possible variety reduction on products is to be. aimed at. 
g) The R and D commitments must be increased and channelled into new 
forms of machining as well as on design of new products. Computer 
aided design must be introduced to harness the vast potential of 
computers. 
h) The numerical control principle - automatic~ directing movements 
in all directions - should be used to design new products not necessarily 
in the machine tool industry. 
i) To overcome the cyclical fluctuations in orders, industry must try 
to get more subcontracting wherever possible and diversify their 
interests so that there is reduced dependence on a few products. 
j) A strategy based on technology equalisation similar to the one 
described in Chapter 9 needs to be adopted by companies in the industry. 
AREAS FOR FUTURE WORK 
a) As regards the machine tool industry, research needs to be done 
on the optimum sizes of companies arising from environmental changes. 
For this the evolution and build up of certain companies since 1950 and 
even before and how their sizes have altered needs to be looked into. 
A use of this can be made to study how future companies in the machine 
tool industry will operate. For example, a study of this type in 1950 
could have revealed that by 1970 Austins, Morris, Jaguar, Leyland and 
Rovers would be under one management. 
b) The. cooperative approach described in Chapter ~ needs to be. 
quantitatively assessed. This can be done by looking at decisions made 
on th~ users and manufacturers side from their tim~ span angle. How does 
the movement of the decision making point to position in the middle 
between users and makers alter this time span and later each company 
performance. (See Fig. 10.1) 
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c) The time element for each step in the global strategy re.conunended 
for the industry for technology equalisation needs to be looked into 
to determine how varying the time elements affects overall company 
behaviour. Here a computer simulation approach is very ideally suited 
to undertake the study. 
d) There needs to be a study undertaken to determine how component 
statistics and group technology have altered company performances in 
different industries. 
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LOUGHBOROUGH LEICESTERSHIRE Tel: 050 93-3171 Telex: 34319 Telegrams Technology Loughborough 
DEPARTMENT OF INDUSTRIAL ENGINEERING AND MANAGEMENT 
Dear Sir, 
R. P. Aiyar, M.Sc., Grad.M.I.Prod.E., 
F. I.Sc.B. 
A research project on the organisation and performance of the Machine 
Tool Industry is being carried out at this University. It also looks at the users 
of machine tools, their problems and how the Machine Tool Industry is trying 
to meet the varied requirements of its customers. 
The aim of this survey is to give an empirical bias to certain aspects of 
decision making in the research and development and marketing areas of the 
Machine Tool Industry. 
A preliminary survey followed by test interviews has been carried out 
amongst executives in the user as well as the manufacturer side of the industry. 
The response was excellent. 
The present follow -up survey consisting of two questionnaires is being 
sent to 
a) machine tool users all over Britain and 
b) machine tool manufacturers all over Britain. 
The questionnaires are quite easy to answer. In cases where it may not 
be possible to give clear cut answers, please use qualified judgement for your 
replies. In case of any difficulties you could write to me or contact me by 
phone (Extension 131) at the UniverSity. 
It is sincerely hoped that you will cooperate in this venture to make it 
a success. 
Thanking you. 
Yours faithfully, 
(R. P. Aiyar) 
(ALL information given here and 'in the main questionnaire 
will be treated in the strictest confidence) 
1) Name of Firm: 
2) Address: 
3) Princi~al Product: 
4) Total Number of Employees: 
5) Are you member of a Group of Companies? YES 
(Tick as appropriate) NO 
6) Name of Group if belonging to a Group: 
................... 
- -
LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 
DEPARTMENT OF INDUSTRIAL ENGINEERING AND MANAGEMENT 
QUESTIONNAIRE -USERS 3 
1) What is the total number of machine tools you have in 
each of these categories? 
Machine Tool Numbers 
Type 
1) Boring 
2) Drilling 
3) Turning 
4) Grinding 
5) Milling 
6) Gear Cutting 
7) Threading 
8) Shaping 
9) Honing and Lapping 
10) Broaching 
11) Cut-Qff and Sawing 
12) Specials 
13) Others 
2) What percentage of your machine tools are foreign made? 
.......... 
3) What is the total number of numerically controlled 
(NC) machine tools amongst these? 
Home made 03-1 
Foreign 03-2 
Partly Foreign 03-3 
I 
4) Do you conduct a market surveyor market I I I 
research before you buy the machine tool . , 
suitable for your requirements I , 
I 
Yes 04-1 
No 04-2 
5) How many inquiries on an average do you 
make before you place a firm order 
............ 
1 
6) What is the average time spent from the time 
you make your first enquiry to placing a firm 
order 
...... 
7) In the majority of cases, necessity for a . 
machine tool is determined by 
a) Pre -production planning 07-1 
, . 
b) Breakdown considerations 07-2 
c) Increase in production being the real aim 07-3 
d) Machines becoming obsolete 07-4 
e) Shortage of labour considerations which 
calls for investment in more automated 
machine tools. 07-5 
f) Economic Considerations 07-6 
(Rate the above named factors in order of importance. 
If (c) is the most important put (1) against it, etc.) 
8) Rate the following factors in order of importance 
as it applies to your company when a decision to 
buy a machine tool has to be made 
- a) Price 08-1 -
b) Quality and Design 08-2 
c) Delivery Date 08-3 
d) Accuracy and Repeatability 08-4 
e) Any other factor (please name it) 08-5 
9) Are you satisfied with the performance of the 
N. C. machine tools you have in your factory 
Yes 09-1 
N) 09-2 
I 10) How many shifts do you work on your N. C. 
machine tools 
I ...... 
I 
11) Do you think you are using the full capabilities 
of the N. C. machine tools at your disposal 
Yes 11-1 
No 11-2 
, 2 
I 
I 
12) As far as future replacement policy with 
regard to machine tools is concerned do 
you think that it is better for your Company 
, 
to buy N. C. m achine tools 
, 
Yes 12-1 
No 12-2 
Don't know 12-3 
13) What amongst the following do you think 
are the reasons for the slow adoption of 
N. C. by industry 
, 
a) Not giving value for money 13-1 
b) Lack of skilled personnel, part 
programmers, maintenance men, etc. 13-2 
c) Machine tools over accurate for 
your purpose 13-3 
d) Machine tools not sufficiently 
accurate for your purpose 13-4 , 
e) No proper after sales service and 
guidance 13-5 ! 
f) Control system failures 13-6 
g) Any other reasons 13-7 
.-
I 
14) Do you prefer to buy the best machine tool 
suitable for your purpose irrespective of 
whether it is made in U. K. or abroad 
Yes 14-1 
No 14-2 
I 
I 
15) Do you first find out whether any horn e ! 
made machine tool is suitable for your I I 
purpose before venturing to buy a I 
foreign machine tool. 
Yes 15-1 
No 15-2 
16) Do you corn e down from your rigid 
requirem ents to som e extent so that 
you buy a British machine tool that 
corn es nearest to your specifications 
Yes 16-1 
No 16-1 
3 
I 
17) Do you assist any local manufacturer of 
machine tools financially or otherwise 
towards the development of special 
machine tools that help increase 
productivity in your com'pany 
Yes 17-1 
No 17-2 
18) Do you think that after sales services 
of foreign machine tool makers are 
better than that of British machine tool 
makers 
Yes 18-1 
No 18-2 
No difference 18-3 
19) Who makes the machine tool buying 
decision in your Corn pany 
Designation ............ 
20) What is his rank in the organisational 
hierarchy? * * 
...... 
(** An organisational chart showing his position with the 
organisation would be of great assistance in interpreting 
., 
the answers to this question. The supply of such a chart 
would be very much appreciated.) 
21) How many supervisors have to approve this 
decision. 
. ..... 
22) Do you believe in num erical control as a I 
manufacturing philosophy. 
(Numerical Control as a manufacturing 
philosophy here refers to having a 
machining complex with material handling 
facilities or a complete production system 
built around the principle of numerical 
control rather than having individual 
machines built to suit control systems) 
Yes 22-1 
No 22-2 
4 
,-------------------------
23) If the answer to (22) is 'Yes', in your 
major plant modernisation programme 
would you order a complete production I 
system based on num erica! control 
I 
Yes 23-1 . I 
No 23-2 I I 
Would prefer to wait and 
learn from experience 23-3 
24) Do you use any of the following methods to 
appraise machine tool investrn ents 
a) Discounted Cash Flow 24-1 
b) Pay Back 24-2 
c) MA PI 24-3 
d) Any other 24-4 
25) Do you think tax concessions have any 
bearing in your decision to buy machine 
tools 
Yes 25-1 "-
No 25-2 
26) How do you distribute your capital outlays 
for expansion each year (what are the 
approximate percentages?) 
a) Investment for expansion ...... 
b) Investment for modernisation ...... 
c) Investment for replacement ...... 
27) Do you think that the Machine Tool Industry and 
Control System makers give enough factual 
inform ation on the advantages to be gained by 
using numerical control 
Yes 27-1 
No 27-2 
28) Is your Company 
a) fully British owned 28-1 
b) partly foreign owned 28-2 
c) fully foreign owned 28-3 
5 
University of Technology 
LOUGHBOROUGH LEICESTERSHIRE Tel: 050 93-3171 Telex: 34319 Telegrams Technology Loughborough 
DEPARTMENT OF INDUSTRIAL ENGINEERING AND MANAGEMENT 
Dear Sir, 
R. P. Aiyar, M.Sc., Grad.M.I.Prod.E., 
F. I. Sc. B. 
A research project on the organisation and performance of the Machine 
Tool Industry is being carried out at this University. It also looks at the users 
of machine tools, their problems and how the Machine Tool Industry is trying 
to meet the varied requirements of its customers. 
The aim of this survey is to give an empirical bias to certain aspects of 
decision making in the research and development and marketing areas of the 
Machine Tool Industry. 
A preliminary survey followed by test interviews has been carried out 
amongst executives in the user as well as the manufacturer side of the industry. 
The response was excellent. 
The present follow -up survey consisting of two questionnaires is being 
sent to 
a) machine tool users all over Britain and 
b) machine tool manufacturers all over Britain. 
The questionnaires are quite easy to answer. In cases where it may not 
be possible to give clear cut answers, please use qualified judgement for your 
replies. In case of any difficulties you could write to me or contact me by 
phone (Extension 131) at the University. 
It is sincerely hoped that you will cooperate in this venture to make it 
a success. 
Thanking you. 
Yours faithfully, 
(R. P. Aiyar) 
(ALL information given here and 'in the main questionnaire 
will be treated in the strictest confidence) 
1) Name of Firm: 
2) Address: 
3) Princi~al Product: 
4) Total Number of Employees: 
5) Are you member of a Group of Companies? YES 
(Tick as appropriate) NO 
6) Name of Group if belonging to a Group: 
................... 
LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 
DEPARTMENT OF INDUSTRIAL ENGINEERING AND MANAGEMENT 
QUESTIONNAIRE - MANUFACTURERS 1 
1) Do you 
a) sell your own products 01-1 
b) sell your products through Agents 01-2 
(Tick as appropriate) 
2) Do you conduct any market surveys into 
machine tool requirements in U. K. at 
regular intervals 
Yes 02-1 
No 02-2 
3) Do you conduct on your own or through 
some agents market surveys into machine 
tool requirements in foreign countries 
Yes 03-1 -
No 03-2 
4) Do you have some regular customers 
Yes 04-1 
No 04-2 
5) Have you at any time made statistical 
studies of the characteristics of 
components machined on your machine 
tools by your customers 
Yes 05-1 
No 05-2 
6) Have you used these 'Component Statistics' 
I in the design of your machine tools 
Yes 06-1 i 
No 06-2 
1 
7) a) What is the total number of machine 
tool salesmen employed by you?** 
(** In case your products are sold through agents, please 
approximate this figure taking into consideration what 
percentage of the agent's business is selling your 
machine tools, the total number of salesmen he deploys etc.) 
b) On an average how many quotes gets you a firm 
order? 
Home Market 
Export Market 
8) How many N.C. machine tools have you 
in your factory 
9) Do you believe that the majority of machine 
tools you buy in the future will be machine 
tools fitted with numerical control 
Yes 
No 
Don't know 
10) How many N. C. machine tools has your 
Company introduced in the market during 
the last five years 
11) How long on an average does it take to 
produce your machine tools, and what 
is the average delivery period in each case 
09-1 
09-2 
09-3 
Machine tool type Production tim e Delivery period 
(Extra space available at the end of Questionnaire) 
12) Is any work being done in your company 
to build machine tools on a 'modular basis' 
(i. e. building up machine tools performing 
different functions with the same basic 
components with minor variations to suit 
custom er requirem ents) 
Yes 
No 
2 
12-1 
12-2 
13) Do you have well established sales 
agents to represent you in EFT A 
and Commonwealth countries . 
EFTA 13-1 
Commonwealth 13-2 
Neither 13-3 
(Tick as appropriate) 
14) Do you think that you are sufficiently 
well represented in the following areas 
to increase your share of the machine 
tool market. 
U.S.A. E.E.C. Russia & Japan Other 
E.· Europe Countries 
Yes 
No 
(Tick under each area as appropriate) 
15) Do you get regular reports from these 
various agents on general economic, 
political and international trends in 
-
various countries so that you have a 
fair idea of your export poteritial in 
these countries 
Yes 15-1 
No 15-2 
16) Do you make use of this information 
in forecasting sales for your machine, 
tools : 
. Yes 16-1 
-
No 16-2 
17) Have these reports proved beneficial to you 
, 
Yes 17-1 
No 17-2 
.. 
3 
,---------- ~~ - ---- - --- -----------------------, 
18) On an average, in what percentage of cases 
are you able to meet your delivery dates. 
Home Export 
Orders Orders 
Less than 50% 
50 - 70% 
70 - 90% 
90 - 100% 
(Tick as appropriate) 
19) Unless you have a 100% record as far as delivery 
dates are concerned, what amongst the undermentioned 
reasons do you think are applicable in your case for 
delayed delivery dates. (Rate them in order of 
importance and write N. A. against the ones that don't 
apply in your case). 
a) lack of skilled labour 19-1 
b) lack of qualified design engineers 19-2 
c) lack of efficient productive equipment 19-3 
d) general lackadaisical approach to 
production planning and scheduling 19-4 
e) Labour-management relations poor 19-5 
f) communication between market and 
company poor leading to slow response 
by company to market requirements 19-6 
g) user industries generally not very 
sympathetic to machine tool industry 
problems and don't give prior 
information of impending investment on 
plant for increased production so that 
scheduling limited resources becomes 
difficult 19-7 
h) generally conservative and slow to 
take up technological breakthroughs 
as regards manufacturing methods 
unlike others 19-8 I 
! 
i) any other reason 19-9 
4 
--- ---
20) a) Approximately how much of your work 
is done by sub-contracting 
.............•.. ·9i'oage 
b) Do you sometimes do sub-contracting 
work for other engineering industries 
to use up any spare productive capacity. 
Yes 20-1 
No 20-2 
21) Do you make 
a) a number of different products 21-1 
b) sam e product with different specifications 21-2 
22) Is your company 
a) Fully British owned 22-1 
b) Partly Foreign owned 22-2 
c) Fully Foreign owned 22-3 
23) How many of your technical or professional 
personnel have ~-
Ph. D. degrees 
Masters degrees 
Bachelors degrees or Equivalent diplomas 
24) Do you or agents who sell your machine 
tools sell any foreign machine tools 
in U. K. as well 
Yes 24-1 
No 24-2 
25) Are these factored products I i 
! 
a) complementary to your product lines 25-1 
b) entirely different product ranges 
, 
25-2 
5 
J 
26) Do you make any foreign machine tools under 
licence in U. K. 
Yes 
No 
27) Are any of your products made under 
licence in 
26-1 
26-2 
U.S.A. West Germany Japan Other Countries 
Yes 
No 
6 
-- -
Loughborough University of Technology 
Departm ent of Industrial Engineering and Managem ent 
Questionnaire - Manufacturers 
Research and Developm ent 2 
1) Do you have a department or section in your 
Company primarily concerned with Research 
and Development, as distinguished from 
design engineering. 
Yes 01-1 
No 01-2 
2) If the answer to (1) is 'NO', do you 
envisage building up a team of R & 0 
workers in the near future? 
Yes 02-1 
No· 02-2 
3) If the answer to (1) is 'YES t, what 
is the title of the officer in charge 
-
of Rand D? 
............................ 
4) Who is he responsible to** 
a) Board of Directors 04-1 
b) Managing Director 04-2 
c) General Manager 04-3 
d) Works Manager 04-4 
e) Any Other 04-5 
(Tick as appropriate) 
(** An organisational chart showing the position of the man in charge of 
Rand 0 would be of great assistance in this study. The supply of 
such a chart would be very much appreciated). 
5) What is 
a) the size of your resear~h staff ............................... 
b) the total number of employees ............................... 
1 
-
----
---
6) What is the ratio of 1963 64 65 66 
a) your R and D expenditure to total sales 
b) your Rand D expenditure to net profits 
7) a) Do you have links with independent research 
organisations like PER A. M T I R A etc. 
Yes 07-1 
No 07-2 
b) If the answer to 7(a) is 'Yes', have these 
links helped you in making tangible 
improvements in your products over the 
last few years 
Yes 07-3 
No 07-4 
8) What is the number of man-months in a 
typical research project? 
-
................................ 
9) How many research projects do you have going 
at anyone time? 
.................... ". .......... 
10) Do you have any specific Rand D objectives 
Yes 10-1 
No 10-2 
11) If the answer to (10) is 'YES' are 
R and D objectives formalised in 
writing for the information of all 
research personnel 
Yes 11-1 
No 11-2 
12) Do you draw up long range plans for your· 
R and D effort 
Yes 12-1 
No 12-2 
2 
\ 
, 
-
13) If the answer to (12) is 'YES', how many 
years do your long term plans extend to 
................ 
14) Do you review Rand D objectives 
Yes 14-1 
No 14-2 
15) Is the review 
a) continuous 15-1 
b) half yearly 15-2 
c) yearly 15-3 
d) 2 to 5 years 15-4 
(tick as appropriate) 
... 
16) Do you have some sort of scheme to 
determine next year's Rand D expenditure 
Yes 16-1 
No 16-2 
17) Do you keep exact accounts of money spent in 
basic research, applied research, developm ent 
and Rand D overheads separately. 
Yes 17-1 
No 17-2 
18) Do you co -operate with control system 
manufacturers in research and development 
to produce products that are compatible 
Yes 18-1 
No 18-2 
19) How is 'feedback' from the market to Rand D? 
Good 19-1 
Bad 19-2 
Don't know 19-3 I 
I 
3 
-
-
-- --
20) Do you believe that your company should spend 
more in research and development 
Yes 20-1 
No 20-2 
21) If enough money is not being spend in 
Rand D what amongst the following 
do you think are the reasons 
a) size of firm too srn all to do 
research on its own 21-1 
b) the company always has had a 
successful product that has 
withstood competition and Rand D 
expenditure is unnecessary 21-2 
c) Company not making enough profits 
and so money cannot be kept aside 
for research and developm ent 21-3 
d) Company buys all its designs abroad 
and all research is done at parent 
companies 21-4 
e) Top management satisfied with company 
performance and so don't see any 
reason to spend on Rand D (they have 
short term objectives) , 21-5 
---
f) any other reasons 21-6 
22) What is the major drawback of your doing 
-Rand D 
23) What is approximately the content of 
standardised components in your machine tools 
· ............... % 
24) Are you working towards increasing the standardised 
contents of your machine tools 
Yes 24-1 
No 24-2 
25) Amongst your research personnel, how many 
of them hold 
Ph.D.s · ............... 
M.Sc. s · ................... 
B. Sc. s or Equivalent Diplomas · ............... 
Any Other · ............... 
~ 
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